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TO 

MY FRIEND AND CRITIC, 

C. E. R. P., 



PREFACE. 



I 



The directions for the dissection of certain vertebrate 
animals of which the present book consists were begun 
many years ago when I was privileged to act as demon- 
strator to Professor Huxley, at the Royal School of Mines, 
South Kensington. They are drawn up on much the same 
plan as the " Laboratory Work," in Professors Huxley and 
Maitoi's Elementary Biology, and aim at being a continuation 
of the zoological part of that work, in much the same way 
as the Practical Physiology of Dr. Foster and Mr. Langley 
may be said to continue it on the physiological side. 

It must be borne in mind that the book is merely a " Course 
of Instruction," in the dissection of Vertebrates, and that it 
makes no pretence whatever at giving a complete account 
of the anatomy of the types selected. The time at the 
disposal of the average student of Comparative Anatomy is 
so short, that for him to exam.ine half a dozen vertebrate 
animals — to say nothing of Invertebrates — in the same detail 
as the student of Human Anatomy examines his single type, 
would be quite out of the question even if it were necessary. 
On the other hand, it is of the first importance that he should 
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not only be made familiar with the essentials of vertebrate 
organisation, but should be so drilled in details as to be 
capable of working out, with some degree of thoroughness, 
any ordinary vertebrate animal which may be set before 
him. 

The advantage of the study of Comparative over that of 
Human Anatomy lies in the fact that in the former the dry 
facts are, to borrow an expression of Dr. Michael Foster's, 
"salted with the salt of morphological ideas." But if the 
same thoroughness in practical work is not demanded of 
the student of Animal Morphology as of the medical student, 
if he is allowed to shirk the discipline of laborious dissection, 
and to be content with a "general notion" of the structure 
of the types he examines, he runs a very serious risk of 
getting uncommonly little meat to his salt, and of losing 
in depth what he gains in breadth. 

It was therefore necessary to decide how much might be 
left out without leading the student into a superficial way 
of working ; and in striving to " keep the mean between the 
two extremes of too much stiffness in refusing and of too 
much easiness in allowing " any omissions, I am only too 
well aware how largely the personal equation enters into 
questions of this sort, and how unsatisfactory the 
compromise I have decided upon may seem to other 
teachers. 

The subjects described are mostly such as can be readily 
obtained at any time of the year. The Skate is chosen in 
preference to the more typical Dogfish, partly because it is 




regular market commodity, partly because it is, to my 

[ mind, quite unrivalled for the study of the vertebrate nervous 

I system. The Rabbit is chosen in preference to the Dog or 

[ CaE— either of which, and especially the former, would have 

' been preferable for some reasons ^because it can be more 

readily obtained in quantity; its size, moreover, makes it 

more suitable than the Rat. The Green Lizard and tlie 

Lamprey cannot always be depended on, but, as they can 

»ioth be easily preserved whole in alcohol, this is of less 
'consequence than in the other cases. It was not thought 
necessary to include an amphibian, since the Frog is fully 
described in the Ekmentary Biology, 

The labour of correcting the proofs and of superintending 
the drawing on wood and engraving of the illustrations has 
fallen upon my brother, Mr. W. N. Parker, F.Z.S., without 
whose help the publication would have been almost out of 
the question. Besides the editorial work, he has made out 
several points in the anatomy of the Cod and Lizard, 

t which, owing to lack of inateriaJ, I was unable to decide 
myself. Many important omissions and some actual errors 
have thus been avoided. 
I I am indebted to Professor HuKley for having kindly read 
pver such parts of the work as were written when I left 
England, and for valuable suggestions thereoa But beyond 
this, I shall always feel that any value the book may possess 
is very largely due to the example set me by Professor Huxley 
Muring all the years I had the good fortune to be associated 
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My Iriend and former colleague, Mr. 
rendered me much assistance in preparing and correcli 
those parts of the directions which were drawn up 
England, and has also given considerable aid to my brother 
in working out some doubtful points which arose while the 
work was passing through the press. 

I am further indebted to Mr. Howes for the drawing 
for Fig, 34, and to my brother for Fig. 32. Figs. 35, 36, 
and 37 are copied from my father's monograph on the 
Lizard's skull {Fhil. Trans. 1S79), and Fig. 38 from 
Htrpetologia Europaa ; the remaining illustrations are from 
my own drawings. The whole of them have been drawn on 
the wood by Mr. Coombs, and engraved by Mr. Cooper 
judging from the few proofs which have so tax n 
me, I have every reason to be grateful to those gcn1 
for the care and skill with which their work has beei 

T. J. P. 
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Hon' 



Dissection is best performed at a strong deal table, not 

than three feet long by two feet wide: it should, if 

isible, be placed at a window, so that the operator faces 

the light, otherwise the more delicate work will be hindered 

by the shadows of the hands and instruments. 

In nearly every case the subject should be firmly fastened 
down during dissection, either to the table, or, better, to a 
soft deal board, about one foot and a half long by one foot 
;, with a narrow bead tacked round the edge so as to 
invert it into a shallow tray : the advantages of this are 
Lt the subject may be turned in any direction without 
unfastening, and that the edgi; confines the mess caused by 
escape of blood, &c., to a limited area. The best fastenings 
are small awls fixed into wooden handles, about an inch 
long, and just thick enough to be conveniently grasped : 
these can be more easily driven into the wood than large 
it so liable to bend, and hold more firmly, 
ire must of course be taken to thrust them through some 
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part — e^. skin^the slight injury to which will not interfere 

with the dissection. 

The more delicate dissections are best conducted under 
water. A convenient dissecting dish is made by fitting a 
piece of sheet cork weighted with one of sheet lead into 
the bottom of a common pie-dish ; the sloping sides of this 
latter are admirably adapted for admitting the greatest 
possible amount of light. The subject, in this case, is fixed 
out with small pins. 

The most necessary dissecting instruments are : — 

Three or four scalpels of various sizes. 

A large and a small pair of scissors. 

A large and a small pair of forceps. 

A pair of bone-forceps. 

A " seeker," i.e. a blunt bent needle fixed in a handle. ^ 
A German silver anatomical blowpipe.* 
The ordinary pointed form of scalpel is the best, thof 
with obliquely truncated ends are rarely suitable, 
scissors should have sharp points, and should bite \ 
the very end : this is especially important with the i 
pair, which will otherwise be perfectly useless. The forcepi 
also, should meet accurately at the points, whicii should I 
roughened so as to insure a firm grip ; in the small pair ti 
pin placed to prevent the points crossing when pressure | 
applied, should fit easily but not loosely in the hole for i 

' Boxes containing the above set of inslrumenls 
J. Weiss & Son, 62, Strand ; Hawkesley & Son, 3CO, Oxford Sm 
C. Balicr & Co., 244, High Holbom ; J. Siiift, Si, Tottenham C 
Road ; and J. B. Medlaad, iz. Bora' High Street. 
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reception ; if the latter is too large the points will always be 
liable to cross. 

The bone-forceps should have straight blades, and the 
handle should be sufficiently wide apart to admit of their 
being conveniently worked without obstruction by the fingers. 
They are used for cutting through bones ; for instance, those 
of the skull in the removal of the brain. 

The seeker is useful both as a probe and for clearing away 
the connective tissue from blood-vessels, nerves, &c, without 
danger of cutting them. 

All the instruments should be of the best steel ; it is false 
economy to buy inferior ones, as they lose their edge very 
quickly and require constant sharpening. 

A useful addition to the above is a common butcher's 
knife for rough work, e.g. for cutting through the skin of the 
skate, the asperities of which completely spoil a scalpel. For 
fine dissection spring scissors are very useful, but are by no 
means indispensable. 

Directions for injccring blood-vessels are given on pp. 
48, III, 162, 218, and 298: to these I may add that a 
very convenient fluid injection for fine vessels is made by 
straining through muslin a strong solution of gum-arabic in 
water coloured with precipitated Prussian blue or carmine : 
after injection the subject is placed in alcohol, which 
coagulates the gum. This has the double advantage over 
gelatine (p. 162) that it is used cold and that it keeps better 
11 alcohol. 

Injecting syringes provided with brass cannula of various 
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lakers. But aiS 



sizes are to be had from the instrument-makers, 
common brass ear-syringe holding about two ounces answers 
every purpose, using for cannulse glass tubes of the form 
shown on p. 48, adapted to the nozzle of the syringe with 
short pieces of caoutchouc tubing. " Bull-dog " forceps will 
be found very useful in injecting for clamping anyvessels-l 
which may have been accidentally cut. 

In large classes where the time of the student is limitedj 
it is usually inconvenient for each one to inject his subject 
it is then desirable to have an injected preparation in t! 
room which may be consulted when necessary. For tly 
purpose, a rough dissection which the students arc allowi 
to handle is far more useful than a more elaborate preparatior 
mounted in a bottle. In fact, one may say that the only 
alcoholic preparations of real use to beginners are those 
which are simple enough to tell their own tale almost at 3 
glance. The most important, in my opinio 

a. Preparations of the heart with the origins of the g 
vessels, either filled with solid injection, or distended witllJ 
alcohol, the cavities, in the latter case, being cut open. 

b. Preparations of the entire brain with the origins of th<3 
nerves, and various dissections of the same organ. 

c. Preparations of the adult iirinogenital organs, with ti 
various accessory glands, ducts, apertures, Sic, displayed. 

Many other very useful preparations might be mentioned 
but the above, as demonstrating important points about whi 
the beginner is certain to experience considerable difficu 
may be considered as the most essential. 
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As the hearts and brains of most of the subjects selected 
are small, similar preparations from larger types are very 
valuable for demonstration ; for instance, the monitor or 
iguana, the goose or turkey, and the dog, sheep, or even 
horse. It will, of course, be all the better if some of these 
structures — especially a larger mammalian brain than the 
Rabbit's— can be dissected by the students themselves as 
supplementary subjects. 

Dissections of large hearts for demonstration may be 
prepared by the glycerine jelly process described on p. 
a ;i the various structures are more readily pointed out on 
such preparations than on those kept in alcohol ; they may 
be made still clearer by colouring the different parts. 

The larger brains are best prepared by Giacomini's 
method : the organ is placed in a saturated solution of zinc 
chloride, and then, after removal of the pia mater, in strong 
alcohol, which should be renewed at least once. When 
thoroughly hardened it is transferred to strong glycerine, and 
retained therein until thoroughly permeated : this is shown 
by its sinking in the fluid. The brain is then removed from 
the glycerine, drained thoroughly, and, after a time, sized and 
varnished. Any dissections which may be required arc made 
before placing in glycerine. 

Since writing that description I find IhnC the objects should be 
well hardened in alcohol before being placed in the glycerine fluid ; 
that it is best to substitute 005 psrts of a concentrated solution' ot 
phenol for the corrosive sublimate ; and that Ihe specimens are hest 
Gnished by vnniisbiiig, after one or tuo conts of size, with common 
oak-vamish. 
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During the dissection of any animal it is always advisable I 
to have the skeleton at hand for reference, and at some time ] 
or other a systematic study should be made of it. It is for 
this reason that an account of the skeleton is prefixed to the 
directions for the dissection of each type. 

With slight variations the management of the work is the j 
same for all the subjects selected. The external characters I 
are first studied ; then a rough dissection is made for the , 
purpose of acquainting the student with the position and 
general relations of the chief organs ; at the conclusion of I 
this stage the brain is removed and preserved for future; I 
examination ; finally, the various parts are studied more t 
less in detail. The student should try and arrange his work' 1 
so as to get the brain removed on the first day. 

In the case of the Lamprey and the Lizard, which c 
satisfactorily preserved whole in alcohol, it has not been I 
thought necessary to remove the brain until it is wanted for J 
dissection. 

The direcrions for each stage in the dissection are given i 
in " indented " paragraphs numbered with Roman numerals j' 
the following ordinary paragraphs with Arabic numerals' I 
giving descriptions of the structures brought into view by I 
such dissection. By this arrangement the work is divided I 
into sections, many of which may be omitted without serious I 
disadvantage, if time runs short. The paragraphs in small 1 
type may also be omitted by the beginner. 

When a dissection is prolonged over say two days, tha 
subject should be placed, when not in use, in a preservativa 
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fluid, such as methylated spirit, Wickersheimer's fluid,^ or 
boroglycerine. 

I should strongly advise students to adopt the plan so 
much insisted upon by Professors Huxley and Martin in 
their Elementary Biology, of making sketches of their 
dissections. Even a rough drawing, if the various parts 
are properly named, and especially if they are further 
distinguished by different colours, forms a far better 
memorandum of work done than any mere description. 

^ This fluid is made as follows : dissolve loo grams of alum, 35 of 
common salt, 12 of saltpetre, 60 of potassic carbonate, and 20 of 
arsenious acid in 3 litres of boiling water, and add i *2 litre of glycerine 
and 0*3 litre of methylated alcohol. 
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THE LAMPREY. 

The Sea Lamprey {Petromyzon 7narinus), 
The Fresh-water Lamprey, or Lampern {P. fluviatilis), 

A.— THE SKELETON. 

I. The preparation of the lamprey's skeleton is a very 
laborious process, owing to the extreme toughness 
of the connective tissue which invests it. Re- 
moval of the latter is assisted by maceration in 
nitric acid, lo per cent., care being taken not to 
allow the acid to act too long, the result of pro- 
longed maceration being the entire separation of 
the cartilages of the skull proper, and the total 
destruction of the branchial basket. In preparing 
a skeleton for demonstration purposes, it is, how- 
ever, advantageous to allow the cartilages to se- 
parate, and then to articulate them with fine 
platinum wire. The branchial basket can then 
be shown by itself in a special dissection. The 
€ B 
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skeleton may be either kept in spirit or prepared 
as follows : — 

{a) Place for about three days in a solution 
composed of 

Glycerine . . . . lo parts. 
Water .... lo >, 

Corrosive sublimate . . ci „ 
Alum .... 0*2 „ 
(b) Transfer to melted glycerine jelly made by 
dissolving 2 parts of gelatine, or " gelatine glue," 
in the above fluid : allow to remain for 2 to 4 days 
at a temperature just sufficient to keep the jelly 
fluid. 

if) Place in a dry room, until the surface no 
longer feels damp or sticky ; then varnish with a 
solution of white (bleached) shellac in rectified 
spirit. 
II. In the prepared skeleton make out the following 
points : — 

1. The notochord (Fig. i, nc), a cylindrical rod, occupy- 
ing the position of the vertebral column in one of the 
higher animals ; at its anterior end it tapers to a point some- 
what suddenly; at its posterior end the tapering is more 
gradual. It is composed of a strong sheath of cartilage, 
inclosing a gelatinous central substance (Figs. 4, 6, 7, 8, nc), 

2. The neural processes (Fig. i and 6 «./), small rods 
of cartilage, set in pairs at short intervals alongthe dorso-lateral 
regions of the notochord, and partly inclosing the neural 
canal (Figs. 4 and 6 — 8, nxa), in which the spinal cord 
lies. Between the neural processes and completing the 
shutting-in of the neural canal both dorsally and laterally is 
a quantity of very tough pigmented fibrous tissue (Figs. 4, 
and 6—8, //). 
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3. The fin-rays {Figs. ^ and 8, /.r), delicate cartilaginous, 
filaments, supporting the dorsal and caudal fins (g§ ag, 30)1 
They are connected ventrally with the fibrous tissue cov 
ing in the neural canal, and lie parallel to one another a 
inclined backwards. 

4. The brain-case, or hindmost division of the ski 
Posteriorly it consists of a basal or parachordal plat 
(Figs. I and 2, l/.Ji, b.p"), surrounding the anterior end 1 
the notochord, and divided by the latter into dorsal (f.j 
and ventral {b.p") portions. The ventral portion forms 
continuous plate beneath the anterior end of the notochoi 
(Figs. 2 and 4, b.p') \ the dorsal j>ortion consists of twi 




Fig. 2.— Petromyzon matinuG. The brain case, from above, the 
subocular arches sapposed to be removed (nat. size ; from a lai^ei 
specimen than Fig. l). 

au, aaditoty capsules : b.p, dorsal, and b.p', ventral portion 
basal or parachorilal plate : 5./, hard palile : na.p, oaso-palatiw* 
canal : oc, occipital arch : tr, trabecula ; lu, side wall : II, optic ' 
men : V, trigeminal foramen. 

longitudinal plates, which do not unite over the notochori 
Anteriorly the basal plate is continued forward into two 
flattened plates, the trabeculae (Fig. 2, /r), which unite 
Ti-ith one another in front, forming the hard palate (A./), 
and inclosing an oval space, the nasopalatine canat 
{na.p). Laterally, the trabeculie and hard palate send ug. 
plates of cartilage {tv), which afford side walls to the brail 
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esse, and unite with one another above the brain in a narrow 
band, the so-called occipital arch {ox). The side walls 
are perforated with apertures for tlie exit of the optic (11), 
and of the fifth and seventh (V) nerves, 

S- The auditory capsules (Figs, i and 2, au), paired 
ovoidal masses of cartilage, fused with the basal plate and 
' cranial walls, and each containing a cavity for the correspond- 
ting auditory sac (§95); their inner walls bound laterally 
I the posterior part of the brain cavity, and are pierced willi 
Lapertures for the auditory nerves. 

6. The nasal capsule {Fig. r, na; Fig. 3), a concavo- 
K:conveK plate of cartilage, of irregularly oval form, lying with 
■its concave side forwards, in the posterior wall of the nasal 
Mac (g 89), and forming the anterior boundary of the cerebral 



V Fig. 3,— Petiomyzo 



ze). 



« (nat. 



Ejcavity (see Fig. 4 na.c). Near its centre it is perforated by 
wo oval apertures (Fig. 3, r) for the passage of the 
r olfactory nerves. 

7. The subocular arches, each consisting of an 
I anterior lateral process (Fig. i, a.l.p), springing from 
tthe anterior end of the hard palate, and of a posterior 
f lateral process (p.l.p), arising from the basal plate just 
fcbeneath tlie auditory capsule. Both processes pass down- 

■Wards, outwards, and forwards, and meet with one another 
|:ftt an acute angle. 

8. The styliform processes (Fig. i, st.p), cylindrical 
rods springing one fi^m the posterior edge of each posterior 
lateral process, near its proximal end, and taking a directly 
downward course. 
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9. The comual cartilages (Fig. i, f.f), small, irregular, 
horizontal pieces, connected by fibrous tissue to the distal 
ends of the styiiform processes. 

10. Tlie posterior dorsal cartilage {Figs, i and 4, 
f.d), an arched plate, bilobed anteriorly, and truncated 
posteriorly, where it enters into fibrous union with tlie 
anterior edge of the hard palate. 

11. The anterior dorsal cartilage {Figs, i and 4, 
a.d), situated in front of and partly overlapped by tlie fore- 
going ; it is strongly arched from side to side, ends in front 
in a thin rounded edge, and posteriorly is produced on each 
side into a downwardly directed process. 

12. Th^ anterior lateral cartilages {Fig. i, aj), 
situated one on either side, jusE in front of the descending 
process of the anterior dorsal cartilage ; their form is some- 
what sigmoidal. 

13. The posterior lateral cartilages {Fig. i, p./}, 
flattened plates, situated one on either side beneath the pos- 
terior dorsal cartilage, and between the descending process 
of the anterior dorsal cartilage, and the anterior lateral 
process of the subocular arch. 

14. The lingual cartilage (Figs, i and 4, /g), a long 
median ventral piece, flattened from side to side, truncated 
in front, and tapering posteriorly ; by its anterior end it is 
united by fibrous tissue to a small cartilage {/g') having the 
form of a semicircle, and set transversely : with the free, 
upwardly directed ends of this are connected two small 
irregular cartilages (^"). The lingual cartilage lies in the 
floor of the mouth ; the semicircular cartilage {/g') sup- 
ports the median portion of the tongue ; the small cartilages 
{lg°) lie in the lateral wings of the tongue (§ a 3, 
Fig. 4. '/)■ 

15. The median ventral cartilage {Figs, i and 



I and 4t, 

J 
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!,»), a slender rod, having the form of a T with a very 
long stem, and situated in the middle line beneath the 
lingual cartilage, the anterior ends of the two being con- 
nected by fibrous tissue. 

16. The annular cartilage (Figs, i and 4, an), a stout 
circular cartilage, supporting the oral funnel (§ 21), and 
giving attachment to the maxillary and mandibular teeth 
(1=4). 

17. The styliform cartilages (Fig. i, si), two 
elongated, tapering rods, attached by theh thickened proxi- 
mal ends to the posterior edge of the annular cartilage, a 
little below its middle, and directed backwards and some- 
what downwards. 

18. The branchial basket (Fig. r, d.,:, v.c, a—k, J>c), 
a cartilaginous framework supporting the gills. It consists 

.essentially, on each side, of (i) a longitudinal rod or dorsal 
cartilage {d.c), springing from the dorsal portion of the para- 
chordal iP-p), and passing backwards along the side of the 
notochord; (2) a second longitudinal rod or ventral 
cartilage (v.^, lying close alongside, and partly fused with, 
its fellow of the opposite side, in the middle ventral line ; 
(3) irregular transverse arches (a — g, k) uniting the dorsal 
.and ventral cartilages and passing between the outer gill- 
clefts ; (4) lateral longitudinal bars (//, i) connecting the 
transverse arches immediately above and immediaiely below 
the gill-clefts; and (5) a cartilage {pc) supporting the 
posterior and lateral walls of the pericardium. 

Each of the transverse arches, except the firit and the eighth or 
last, consists of Ecvcn well-marked portions; of these, the fmX, or 
dorsalmost (a) and the seventh or VEntratmost [g) are flattened plates, 
produced into longer or shorter anterior and posterior processes; the 
second [i) and sixth {/) are short curved rods ; the third (<r) and fifth 
{() are flattened, and arc produced into forwardly directed processes; 
[he fourth or middle portion [d) is a curved rod situated immediately 
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beliind ilie corresponding gill-cleft. The longitudinal connectini; ba» 
{A and i) are flatiened, and unile with the third (f) and the fifth (i 
segments of the transverse arches respectively. In front of the first gill- 
cleft the two longihidinal connecting bars run together and form K 
angle rod, which becomes connected with the first transverse arch (i). 
This latter is free at its dorsal end, of tolerably regular cylindrical form, 
and united by a short rod of cartilage with the proximal end of the 
styiiforro process [it.fi). The eighth transverse arch is also regularlji; 
cylindrical at its dorsal and ventral ends, but in the middle of its^ 
course becomes fused with the hinder ends of the longitudinal 
ing bars and with the pericardial cartilage ific). The latter has tht' 
form of a backwirdly directed hemispherical cup, supporting the 
posterior wall of the pericardium, and produced into dori^al, 
and lateral processes, of which tbe last enter into union with the bran- 
cMfll basket proper, as already described. 

The cartilages of the branchial basliet He, for the most part, immedi- 
ately beneath the dorsal and ventral muscles covering the gills (S 34, Figi- 
6, A, {}, so that they are seen e.t once when those muscles are removed 
but the pieces marked i, if, and_/i are curved inwards and are con 
sequently not seen until the surrounding tissues are dissected away.' 

B.— Directions for Dissection. 

III. Verify the following external ch.ir.icters : — 
ig. The elongated vermiform body, almost circular ii 
section anteriorly, but becoming compressed from side b 
side posteriorly ; the head passes insensibly into the tnin^ 
and the trunk into the tail. 

20. The integument, smooth and slimy, and entirely; 
devoid of scales: marbled with black in P. marinus, of ft! 
uniform bronze-green tint in P. fluviatilis. 

21. The sucker-like oral funnel (Fig. 4, 0./) at the 
anterior end of the body, inclined obliquely downwards aai 
forwards ; its rim, which is beset with numerous vasculat 
papilla, jjasses insensibly into the general surface of t 

s taken from a si 
ly disposal. 
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body above and at the sides, while below it is separated bi 
a deep furrow (Fig. 4, gr). 

22. The mouth (Fig. 4, m), situated at the bottom 
the oral funnel, and of a somewhat crescentic form. 

23. Tlie tongue (Fig. 4, /), the end of which forms a 
well-marked protuberance bounding the mouth below, and 
produced on either side into an upwardly directed, wing-like 
process (/), 

24. The yellow horny teeth, which beset the 
surface of the oral funnel and the tip of the tongue : one 
immediately above the opening of the mouth is large and 
bifid, and is distinguished as the maxillary tooth; those 
on the tongue are the lingual teeth ; and a transverse 
crescentic ridge, below the tongue, and produced into 
several cusps, is known 3S the mandibular tooth. 

In P. marinUB Ihelwociispsofllic maxillary tooth are close together, 
and the lingival teelh consist of tno pairs of lunate denticulate ridge^ 
the two ventral united mIeIi one another in the middle liue. In P, 
Suviatilia the cu^ps of the maxillary tooth arc sameu'hut widely sepa- 
rated, the dorsal lingual teeth are absent, and the ventral are 
rorm a strong transverse ridge, with a [)ro:aIaent median cus|j 

25. The nostril, a single median aperture on the upper; 
surface of the head, a siiort distance from its anterior end. 

26. The eyes, situated at the sides of the head, a littl& 
posterior to the nostril; they are devoid of eyelids, 
covered with transparent integument. 

27. The external branchial apertures (Figs. 4 and 6, 
e.a), a row of seven small slits on each side of the hi 
the first a little behind the eye. 

28. The urinogenital papilla (Fig. 5, k.^/), a smaU' 
elevation, situated in the median ventral line, at about 
quarter of the length of the body from the hinder end. 

is pierced at its summit by a small opening — the urino- 
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genital aperture (s), — and lies in an oval depression, in 
the anterior part of which, just in front of the base of the 
papilla, is another small aperture, the anus (a). 

29. The two dorsal fins (Figs. 7 and 8), median longi- 
tudinal folds of the integument ; the anterior end of the 
rst is near the middle of the body, that of the second 
Jsomewhat in front of a vertical line taken through the anus. 
. The caudal fin, continuous in front with the second 
■dorsal, and continued round the end of the tail on to its 
sntral edge; it is diphycercal, that is, evenly distributed 
love and below the axis of the tail 




The urinogenitnJ sinus, with the 



urinogemtal s 



Fig. j. — Petromyzon marinus, n 
rectum and part of the leli kidney (nat. size/. 
a, onus : int, intestine : k, left kidney : 
genital papiUa : u.g. s, urinogenital sinu? ; 
■ tare of left, and x" aperture of right ureter into urinogemtal sinu 
»y, brisde passed through right nbdominal pore : a, bristle passed iT..„ 
^nogenital sinus through its external aperture. 

31. The absence of paired fins, or fore and hind limbs. 

32. The apertures of the sensory tubes, minute 
Smnclirorm openings on the surface of the head. 

IV. Remove the skin from the anterior part of one 
side of the body, from the end of the mouth to a 
short distance behind the gill-slits, and from the 
middle dorsal to the middle ventral line : make 

[ 33- The body muscles, lying beneath the skin, and 




arranged in transverse segments, called myotomes i 
myocommas, separated from one another by strong platffl 
of fibrous tissue. 

Each myotome talies a zigaig course ; atarting from the middle dorsal 
line, it passes first sharply baclivrords, Ibeti more gcndy forwards, then 
backwards, and Bnally sharply forwards. The plane of the myotomes 
is Dot at right angles to the loog axis of the body, but is inclined frcrm 
the surface, inwards and forwards. The muscular fibres of which Ihey 
are composed arc longitudinal, r.e. at rightangles to the general dircctioii 
of the myotomes themselves. 



^'-'vm^- 




Tramverse section through the 
: (nat '^ize) The giU sacs are 
supposed to bi- rotited for«ards so ^s to bnng the external in the 
same plane as the internal branchial apertures 

#r.m., branchial membrane il ao dorsal aorta d,c dorsal carti- 
lage of branchial basket dm dorsal body muscles ea external 
branchial aperlnre // fibrou^i tissut inclosing neuril caml A, i, 
lateral tongitudmal cartikgesof branchial basket la internal branchial 
aperture : i.ju, mfirior jugular vein ju jugular vem my myelon ; 
ne, notochord h ca, ne^al canal n p neural proces-ses oj- leso- 
phagns : p.br, pen branchial SLnus r vt t retractor muscle of tongue : 
r.l, respiratory tube s circum (esophageal smus i> ae ventral aorta ; 
v.c, ventral cortilnge of bniicliial lisket v m ventral body muscle. " 



34. The division of the myotomes immediately behin 
the last gill-cleft, into two tontitudmal masses, a dorsal 3 
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a ventral, which pass forwards, the one above, the other 
below the line of branchial apertures, leaving these latter 
uncovered. 

Thedoreal muscle is inserted partly by a. broad tendon to the posterior 
dorsal cartilage (g 10), u.nd pailly iiilo the fibrous posterior wall oF the 
orbil ; the ventral muscle is inseited byalongish tendon into the annular 
Bcsrtilaee {% 16}. 

35. The great mass of radiating muscular fibre, which, 
low the skin is removed, forms the outer surface of the oral 

meL 

, Make a median ventral incision through the skin 
and muscle forming the walls of the body, begin- 
ning about the middle of the body, and proceeding 
forwards to within about half an inch of the last 
gill-cleft, and backwards to witJiin about an eiglith 
of an inch of the anus. From the ends of this 
incision carry up vertical incisions on the left side 
and remove the long flap thus made, so as to 
expose the body-cavity from the left side. 
Great care must be taken not to injure the liver 
(§ 37), the left kidney {§ 40), or the rectum (g 39). 
The following points can now be made out : — 

36. The pigmented peritoneum lining the whole body- 
|»vity, 

37. The liver {Fig. 4, Ir), at the anterior end of the 
»vity, deep red in the fresh condition in P. fluviatilis, 
greenish in P. marinus. It consists of a single lobe, 

" convex on the ventral side, excavated dorsally for the 

genital gland (§ 38) and intestine (g 39), hollowed out 

anteriorly for the pericardium (g 44), which it partly covers, 

^^■And ending in a blunt point posteriorly. 

^^h 38. The single genital gland (testis or ovary), oc- 

^^Kupying in the adult the greater part of the body cavity : 



the testis is a soft, greatly lobulated organ, closely resembling 
fat : the ovary (Fig. 4, m'), is also multilobular, each lobe 
containing numerous eggs, each about the size of a pin's head. 
The genital gland is suspended to the dorsal wall of the 
abdomen by a sheet of peritoneum, called mesorchium in 
the case of the male, mesoarium in that of the female, j 
In the breeding season, the body cavity is found to be quitfl 
full of liberated ova, and the ovary itself is much reduced. 




Fig. 7. — Petrotnyzoa marinus. Transverse section through the J 
abdominal ref^an, including the first dorsal fin (nat. size). 1 

id, cardinal veins: d.ito, dorsal aorta: f.r, fin Tay&:./J, fibrous | 
tisnie inclosing neural canal : ini, intestine, the line pointing to tbe 4 
spiral valve : 6, kidneys ; ly, sub-vertebral lymph Einus : m, bot^- J 
muscles : my, myelon : «c, notochord : n.ca, neural canal : h, testis : ] 

39. The intestine (Figs. 4 and 7, t'ltt), a straight, very-l 
blender tube, entering the body-cavity at its anterior ends 
and on the dorsal side: il; passes backwards between the ^ 
liver and the genital gland, and then between the lobes of ' 
the latter, till it reaches the posterior end of the body-cavity, I 
where it dilates into the rectum (Fig. 5, r), and ends I 
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a (a). The intestine is quite free for the grtaler 
part of its length, but at its hinder end is attached to the 
dorsal wall of the body-cavity by several delicate mesen- 
teric bands, carrying blood-vessels, while in front it is 
firmly connected by fibre with the anterior half of the dorsal 
surface of the liver. 

40. The kidneys (Figs. 5 and 7, ^), two elongated 
band-like organs, of a deep red colour, attached by peri- 
toneum one on each side to the dorsal wall of the body- 
cavity, and extending from about the middle of the latter to 
within a short distance of the anus. 

41. The ureters (Figs, g and 7, ur), delicate tubes as 
wide as, or wider than the intestine, and attached all along 
the free (outer or ventral) edge of the kidneys: passing 
backwards they become connected with 

43. The urinogenital sinus (Fig. 5, T.g.s), a small 
ovoidal sac, lying close behind the rectum, and becoming 
narrowed ventrally to form the urinogenital papilla 
(u^.p). 

43. The Bub-vertebral lymph sinus (Fig. 7, fy), a considerable 
cavity included between the layers of p eritoneum supporting the kidneys 
and genital gland : it is divided into two by a median vertical partition. 

44. Note also the pericardium (Fig. 4, /c), lying just 
in front of and partly covered by the liver : its almost 
hemispherical posterior wall, strengthened by cartilage 
{§ 18, Fig. r, A) is all that can be seen at present. 

VI. Open tlie urinogenital sinus hy carefully slitting up its left 
wall, first, introducing a guarded bristle' by the exleraal 
aperture : observe — 

45. The apertures of the ureters (Fig. $, x, x'j, situated close 
ero-dorsal r^ion of the sinus. 
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46. The abdominal pores (Fig. 5, y), small apertures situated one 
in each lateral wall of the sinus (the left will probably have been 
destroyed in opening the latter), and establishing a communication 
between the sinus and the body-cavity, through which the generative 
products escape. 

VII. Open the intestine by a longitudinal incision along its whole 
length : note — 

47. The spiral valve (Figs. 4 and 7, mi), a longitudinal fold of 
mucous membrane, projecting into the cavity of the intestine, and 
having a slight spiral twist. 

48. The aperture of the oesophagus (Fig. 4, y), a longitudinal 
valve or slit, a short distance from the anterior end of the gut, and on 
its right side : in front of this aperture, the intestine is produced for- 
wards into a short thick-walled, blind pouch, situated to the left of the 
posterior end of the gullet and of the sinus venosus (§ 71). This will 
probably be seen better at a later stage (§ 59). 

49. In P. marinus, the aperture of the bile duct (Fig. 4, d.d), on the 
ventral wall of the gut, just at the point where the latter becomes free 
from its attachment to the liver. The bile duct is absent in the adult 
P. fiuviatilis, and is not usually present in P. marinus, though very dis- 
tinct in the specimen figured. The spiral valve begins just posterior to 
this point. 

VIII. Turn the animal to the supine position (ventral 
aspect uppermost), and see the relations of the 
chief organs from the new point of view. Then 
remove the ovary or testis, the kidneys, and all 
but the anterior inch or so of the intestine : make 
out now — 

50. The cardinal veins (Figs. 4, 6, and 7, cd), two large 
vessels, lying one on each side of the middle line in the 
dorsal wall of the body-cavity. 

51. The dorsal aorta (Figs. 4, 6, and 7, dao), a small 
vessel, lying in the middle line between the two cardinal 
veins. 

52. Traced backwards, the cardinal veins are found at the posterior 
end of the body-cavity to unite into a single trunk, or rather to 
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be formed hf the bifurcation of a. single trank, the caudal vein {Fig. 
8, e.v), which may lie traced to the end of the tail, lying to the ventral 
side of the caudal artery (Fig. 8, (,a), which is the direct coutinua- 
tion of the dorsal acHrU. 





in through caudal 



i Fig. 8.— Petromyzon marinua. Transverse 
, including the second dorsal fin (nat. size) 
f,a, caudal artery : cv, caudal vein : /.r, fin rays : /./, /,f, fibrous 
tissue enclosiDg neural canal : m, bcdy-muscles : iny, myelou : lu, 
notochord : ti.ca, neural canal. 

»IX. Place the fish once more with the left side up- 
wards ; dissect away the dorsal and ventral muscles 
of the branchial region (§ 34), and, if the skeleton 
has not been examined, make out the various 
cartilages of the branchial basket {§ 18) : then 
remove the latter, as well as the muscular and 
connective tissues obscuring the gill-sacs (§53): 
get the latter well cleaned, open one or two of 
them and note: — 
53. The gill-sacs (Figs. 4 ir, and 6), seven in number, 
arranged obliquely, each being inclined, from its inner side, 
backwards and outwards. They are compressed from 
before backwards, separated from one another by strong 
■ fibrous and muscular partitions, and marked externally with 
I parallel horizon tall ines, which mark the position of — 



54- The branchial filaments, sub-parallel ridges of 
the mucous membrane, lining the gill-sacs, and encroaching 
largely upon the cavity of the sacs. 

The whole set of filamenls on each side of each sac coostitntes a 
deraibranch or half-gilt ; the sepinm between my two sacs, leather 
with the two coQti^ous demibranchs, an-juers lo a single gill of one 
of the higher fishes. (See p. 46, g 84, and p. 103, § Sg.) 

55. The internal branchial apertures (Figs. 4 and 
6, i.a), on the inner walls of the gill-sacs, leading into the 
respiratory tube presently to be seen {§ 58). 

56. The peribTancbial sinuses (Fi^. 6, fi.ir), considerable 
spaces iodaded between the gill-sacs themselves and the partitions 
which sepaia.te them. 

X. Remove the gill-sacs, cutting them away close round 
the internal brajichial apertures, but taking great 
care not to injure the respiratory tube {§ 58), 
gullet (§ 59)' &C. : also dissect away enough of 
the dorsal body muscles to allow of the structures 
mentioned being brought clearly into view- Ob- 
serve the following : — 

57. The retractor muscles of the tongue (Fig, 4, 
r.m.i), surrounding the lingual cartilage (§ 14, Figs, i 
and 4, Ig), and forming a prominent cylindrical fleshy mass, 
in the middle ventral line, separating the gill-sacs of opposite 
sides, and extending back as far as the pericardium. 

58. The delicate membranous respiratory tube ( 
4 and 6, r.i), lying almost immediately above the retract 
of the tongue ' : the seven internal branchial e 
the left side are seen perforating its lateral wall. 

59. The cesophagus (Figs. 4 and 6, as), lying i; 
diately above the respiratory tube, and becoming ci 

' The ventral aorta which is between the two will be i 
Bobsequently (§ 72). 





\ 
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isteriorly with the intestine in the antero-dorsal region of 
the body-cavity. Its diameter is not more than half that of 
Ihe respiratory tube, and its walls are very delicate and 
easily torn. The best way to make it out without damage 

to pass a guarded bristle into it from the already opened 
intestine, 

60. The pericardium, a large chamber, lying immedi- 
ately behind the last pair of gill-sacs : its posterior wall, as 
abeady seen {§ 44), is strongly convex ; its anterior surface 
fits closely against the hinder or inner walls of the last pair 

1 1 of branchial sacs, and presents therefore a double concavity. 
'Jn the present view, of course, only the left of these con- 
cavities is seea 

61. The circum -(Esophageal sinos (Figc. 4 and 6, 1), a consider- 
able longitudinal cavity, lying above and at Che sidea of the gullet, anit 

iperfectly divided into two tubes by a perfDiated vertical partacion which 
ia related to ihe gullet like a mesentery. Behind the posterior end of the 
respiratory tube, the sinus extends also below the gnlleC as far downwards 
as ihe ventral aorta {% 72) and between the inner or posterior walls of the 
last pair of gill-sacs, this portion (Fig. 4, j") being also divided by a per- 
forated vertical partition. TTie cavity is related to the gullet in much 
the same way as the body-cavity to the inlestiQe, 

' XI, If the anterior (pre-branchial) portion of the ven- 

I tral body-muscle (§ 34) is still left, remove it, and 

f note 

62. A great mass of muscle, forming a prominent pro- 
jection beneath the eye, and just in front of the gills : it 
forms the lateral boundary of the mouth-cavity and contains 
imbedded in it the subocular arch {§ 7), styliform process 
(§ 8), and cornual cartilage (§ 9). 

63. The salivary eac, appearing ss a dark patch on the ventro- 
lateral region of the above mass of muscle : when cut into, il is seen to 
be a cavity with glandular walls : it is baid ro open by a fine duct 
■into the mouth. 
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Xn, Remove the eye, and dissect away the muscles, 
cartilages, &c (§ 62), which form the left side 
wall of the mouth-cavity, first passing a probe 
into the latter from the oral aperture to guard 
against cutting too deeply. Also open the cesopha- 
gus and the respiralory tube by a longitudinal 
incision along the left side of each. The following 
points can now be made out :— 
64. The almost tubular oral cavity (Ftg. 4, /«), com- 
municating with the oral funnel by the very narrow oral 
aperture. 

65. The oral cicum, a blirrl pouch of the mucous membrane in 
about Ibe middle of the mouth -cavity, on tlie dorsal side (Fig 4, m) ; 
it is continued posteriorly into a longitudinal groove. 

66. The aperture of the cesophagus (Fig. 4, betwee»a 
M and ees), at the hinder end of the oral cavity, and i 
mediately beneath it, that of the respiratory tube] 
Between the two apertures the mucous membrane forms m 
sort of horizontal shelf, produced into five fingcr-Hke 
cesses in P. fluviatilis, and in P. marinus into 1 
blunt processes supported by small cartilages. Theentratita 
of the respiratory tube is also guarded by two lateral flaps i 
mucous membrane, the vela. (Fig. 4, vl). 

67. The spirally arranged ridges into which the n 
of Ihe gullet is produced. 

68, The extent of the respiratory tube, and the inter 
branchial apertures of the right side. 

XIII. Open the pericardium by carefully removing tl 
greater part of its left wall ; note 

69. The auricle (Fig. 4, au), occupying the whole of tld 
left side of the pericardial chamber, and therefore the o 
part of the heart seen at first. It is strongly convex 
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f)(^sal and left side where it comes in contact with the peri- 
catdium, while on the right it adapts itself to the form of 
the ventricle. 

70. The ventricle {Fig. 4, v), seen by lifting up the 
auricle to lie towards the right side of the pericardium ; it 
has a prismoidal form, and is of firmer texture than the 
L auricle. 

The sinus venosus (Fig. 4, s.v), a tubular 

■ chamber, passing almost vertically from the dorsal to the 
I ventral wall of the pericardium, between the auricle and 
I Ventricie : it is attached to the posterior wall of the pericar- 
•.dium by a thin vertical sheet of connective tissue. 

72. The ventral aorta (Fig. 4. v.ao), springing from the 
I anterior end of the ventricle, and jjassing through the wall 
lof the pericardium, forwards and in the middle line, 
Jbetween the respiratory tube above and the retractor of the 

■ tongue below. 

Opposite the foutlh gill-sac the ventral aorla bifurcates and is coe- 
dnued forwards as two parallel trunks. From each of lliese arc given 
off fonr afferent branchial arteiies, ihe iirst supplying the first demi* 
branch (anterior wall of first gill-sac), thesecond, the second and lliird 
demibranchs (posterior wall of first and anteriar wall of second sac), 
the third, the fourth and fiftii deniibrancli, and so on. The azygous 
poGterioc portion of the ventral aorta also gives off four afferent arteries, 
of which the first three supply each two contiguous demibranchs {i.f. 
one entire K'^)i ^"'1 the fourth goes to the fourteenlh or last dcmibranch. 
Each afferent arleryis thus primarily related to 1 gill (§ 54) and not 
to a gill-sac. 

73. The inferior jugular vein (Fig. 4, i.j'u) situated just below 
the retractor of the tongue and above the median ventral cartilage of 
the branchial basket. It brings the blood from the lower part of the 
head to the sinus venosus, and is best made out by making a small 
aperture in the latter and passing a probe forwards. 

J4. The dorsal aorta (Figs. 4 & 6, d.at/), immediately 
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beneath the notochord; it receives the efferent branchial 
arteries from the gills. 

XIV. Remove the outer (left) wall of the auricle, and 
observe 

75. Tlie comparatively thin walls of the auricle, 
strengthened by a network of pectinate muscles, 

76. The auriculo-ventricular valve (Fig. 4, see 
description), composed of two membranous flaps, and 
guarding the oval opening leading from the auricle to the 
ventricle. 

77. The sinu-auricular valve (Fig. 4, x), also com- 
posed of two flaps, and guarding the large aperture which 
leads from the sinus venosus into the auricle. 

XV. Pass a guarded bristle through the sinu-auricular 
valve upwards along the sinus venosus as far as it 
will go ; also make an aperture in the left cardinal 
vein, pass a probe forwards, and open the vein 
along it 

78. It will be found that the cavities of the two cardinals 
unite wicii one another by an oval aperture (Fig. 4, :c) just 
above the dorsal end of the sinus venosus, and that, at the 
same place, they both communicate with the sinus. 

79. The hlojd from the anterior part of the body, eicept that re- 
turned by the inferior jujulir, is brjught baeic by the jugular veins 
(Figs. 4 and 6, ju), which lie one on either side of the notochoid," 
and, nniting each with the corresponding cardinal, pour their blood 
into the sinus venosus. The jugular is best made out by passing a 
guarded bristle forwatds from the cardinal and gradually dissecting 

dDWQtO it. 

80. The hepatic vein (Fig. 4, h,v) may al^o be seen at this 
stage ; leaving the liver, it pierces the pericardium and enters the 
sinus venosus at the same point as, the inferior jugular. 



L 



XVI. Open the ventricle and note 
81. The thick fleshy walls and small cavity. 
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82. The two membranous semilunar aortic valves 

.1)etween the ventricle and the ventral aorta. 

XVII, Turn the fish with the dorsal side upwards ; dis- 
sect away the muscles on the top of the head for 
about an inch {P. fluviatilis) or two inches (P. 
marinus} behind the nasal aperture; proceed 
until the brain, the nasal sac {§ 89), and the audi- 
tory capsules {§ 5) are exposed ; remove the roof 
from the latter. Observe the following ; — 

83. The flat band-like spinal cord or myelon (Figs. 4, 
6 — S, my, and g), lying loosely in the neural canal (ti.ca), 
and passing in front into the brain (Figs. 4 It, and g), 
which nearly fills the small cranial cavity. 

84. The medulla oblongata or myclencephalon 
(Fig. 9, m.a), the hindmost division of the brain, passing 
insensibly into the spinal cord behind, and on its upper 
surface presenting an escutcheon-shaped cavity, covered 
only by pia mater, the fourth ventricle or myeloccele 
.<»-4). 

85. The thin ledge of nervous matter overhanging the 
iterior end of the fourth ventricle is all that represents the 

cerebellum or epencephalon (Fig. 9, cA). 

86. The mid-brain, or mesencephalon (Fig. g, c./), 
consisting on the upper surface of a pair of rounded eleva- 
tions, the optic lobes, immediately anterior to the me- 
dulla; they contain a cavity, the aqueduct of Sylvius, 
or mesoccele {ai/.s), open above, save for pia mater, and 
in communication behind with the fourth ventricle. 

87. The thalamencephalon, or twixt-brain (Fig, 9, 
l/i), situated just in front of the mesencephalon ; it consists 
■of two paired masses, the thalanni optici, between which 

a cavity, the third ventricle, or thalamocoele (p.^), 
intinuous behind with the aqueduct of Sylvius. 



88. Two paired, somewhat kidney-shaped masses, fortniit 
the anterior division of the brain, and having their convej 
ties towards the middle line ; they are divided by depressioM 
on their outer sides into two parts, the smaller iMsteri 
part answering to cerebral hemispheres, or prosenci 
phala (Fig. g, c.h), the larger anterior part to olfactoij 
lobes, or rhinencephala {olf). 

89. The nasal sac {Fig. 4, tia), a rounded char 
opening hy a short tubular prolongation in the single nasj 
aperture. On opening, it is seen to be lined with strong 
pigmented epithelium, and to have its walls much plaited. ] 




Fig. g. — Petromyzon marinua. The brain frora the dorsal aspec 
with the right auditory >ac (X 3)- 

aq.s, aqueduct of Sylvius r a.sa, anterior semicircular canal : 
cerebellum : c.h, cerebral hemispheres : ni.o, medulla obloneata ; 
optic lobea : olf, olfactory lolies ; p.s.e, posterior semicircular canal : i 
thalameucephalon : % vestibule : 11.3, third ventricle ; v.^ foltti 
ventricle : 1— X, cerebral nerves. 



90. The olfactory r 
from the rhinencephala 1 
nas^l ca]i!u1e (§ 6). 

91. The optic nerves (Fig. 9, II}, springiog from ihe ventral snrfi^ 
of the thalanier.cephalon and passing directly outwards throogh ti 
optic foramina (g 4) to the eyes. 

92. The oculomotor (third) nerves (Fig. 9, III), springing f™ 
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'tte under side of the mesencephalon, and passing outwards and slightly 
forvrards to the orbit, where they supply most of the eye muscles. 

93. The fourth pair of nerves (Fig. 9, IV), aHsiag from the dorsal 
ride of the anterior end of Ihe medulla. They supply the superior 
oblique muscles of the eyes. 

94. The large nerve cord formed by the united roots of the fifth and 
seventh nerves (Fig. 9, V, VII), leaving the brain just in front of 
the auditory capsule, and passing forwards and outwards. 

95. The auditory sac (Fig. 9, ;/), exposed by the 
removal tif the dorsal wall of the auditory capsule ; it con- 
sists of an ovoidal membranous sac, the vestibule {z>), 
presenting on its upper surface, towards the outer side, two 
semicircular canals (i/.j-r, p.s.ef), corresponding to 
the anterior and posterior canals of the higher vertebrata, 
the horizontal canal being absent. 

96. The auditory nerve (Fig. g, VIII), passing directly outwards 
froni the medulla oblongata to the auditory sac. 

97. The glossopharyngeal (ninth) and vagus (tenth) nerves (Fig. 
9, IX, X], arising from the medulla oblonjjata, just jrasterior to the 
auditory nerve, and passing backwards and outwards. 

XVIII. With a guarded bristle find an aperture lying 
in the anterior ventral region of the nasal sac, close 
under the entrance of the external nasal canal {see 
Fig. 4) ; pass the bristle carefully into the opening ; 
it will be found to fake a course backwards and 
downwards. Without removing the bristle, turn the 
fish once more with its left side upwards, and dissect 
away the tissues between the anterior end of the 
notochord and the roof of the mouth, until the 
bristle is found. It will be found to have passed 
into 
The nasal csecum (Fig. 4, mi'), a considerable 

Irpouch, lying close under the anterior end 0/ the notochord. 

topening anteriorly, as already seen, into the ventral side of 
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the nasal sac, and behind ending blindly a little posterior to 

the first internal gill-cleft. 

XIX. If another specimen is available, make a series 
of transverse vertical sections through the entire 
animal previously hardened in alcohol or chromic 
acid (see Figs. 6 — 8). The sections should be 
about 2 to 3 mm. thick in P. fluviatilis, 8 to 
lo mm. in P. marinus. Be careful not to dis- 
turb the order of the sections. Examine each one 
separately, both from its anterior and its posterior 
face, and observe the precise relations of the various 
structures already seen by dissection. ^ 

^ It is important not to omit this section unless time or material fails, 
as it forms an excellent introduction to the art of interpreting sections. 



THE SKATE. 

The Skate {Raja baits). 
The Thornback {R. clavatd). 
The Homelyn Ray {R, maculatd), ^ 

A.— THE SKELETON. 

I. The skeleton of the skate is mainly cartilagi- 
nous, being hardened only by a superficial de- 
posit of calcific matter, and in the vertebral 
column by internal laminae of the same material. 
It is best prepared by immersing the fish, after 
removal of the viscera, for a few seconds in hot 
water a few degrees below the boiling-point. This 
process softens the muscles and ligaments, and 
allows of their being readily stripped off the 
cartilage without injury to the latter. When pre- 
pared in the cold, the toughness of the ligaments, 
especially in the region of the vertebral column, 
renders their removal a matter of great difficulty. 

^ These are the three commonest species of the genus Raja brought 
to the London market. For the distinguishing characters of the three 
species see pp. 41 and 42, §§ 54 and 60. Several of the figures are 
taken from the common New Zealand species, R. nasuta. 
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As some parts of the skeleton are more delicate 
than others, it is advisable, after a very short 
immersion in hot water, to dissect off as much of 
the flesh as will readily come away, and then to 
remove the branchial arches (§§ 40 and 41) and to 
disarticulate the skull and pectoral fins from their 
attachments to the vertebral column. The latter 
can then, if necessary, be subjected to a second 
immersion in hot water. In cleaning the skeleton 
special care is required to avoid injury to the 
branchial arches (§ 41), the spiracular cartilage 
(§ 37), and the labia! cartilages (g 34). 
The skeleton must not be allowed to dry, but should 
be either kept in spirit or prepared by the 
glycerine jelly process described on p. 2, § i. In 
the latter case about three to five days' immersion 
in the glycerine fluid, and two to three days in 
glycerine jelly, is required. During the process of 
drying, it will be found advisable to fix out any 
parts which show a tendency to twist or warp 
with pieces of wood or strappings of paper or 

11. In the skeleton as a whole, note 

1. Its division into a, vertebral column, including dorsal 
and caudal fins (§§ 3— 1&); b, skull, composed of the brain- 
case (§§ 17 — 33), and of a number of loose ly-atta|Ched carti- 
lages, consisting chiefly of the jaws and of the gill-arches 
(§§34 — 41); iT, shoulder-girdle and pectoral fins {§§ 42 — ^49); 
d, hip-girdle and pelvic fins (§§ 50—53). 

1. The superficial crust of ossification on neariy all parts 
of the skeleton, except some of the smaller cartilages, 
which are entirely uncalcified, and the centra of the 
vertebne, which are calcified in a special manner (§ 5) : the 
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■cations are deposited in the form of minute polygonal 
plates, forming a mosaic over the whole surface. 

III. In the vertebral column, make out 

3. The anterior part of the column, consisting of a large 
mass of cartilage — the anterior vertebral plate (Fig. 10, 
a.v.p), — not divided into distinct vertebrfe, except in its 
posterior ventral portion, where there are rudimentary 
centra. It presents an almost Bat ventral surface, a strong 
median dorsal ridge, and two lateral ridges, which, at about 
the middle of the plate, are produced upwards, so as to be 
nearlyas high as the median ridge. The neural canal, for 
the reception of the spinal cord, runs from end to end of the 
plate, the side walls of which are perforated by two rows of 
small apertures, for the passage of the dorsal and ventral 
roots respectively of the spinal nerves. The antero-inferior 
region of the vertebral plate is produced into a scoop-like 
odontoid process, which fits between the condyles of the 
skull (§ 19) : on either side of this, on the front boundary 
of the lateral ridge, is a smooth surface, with which one of 
the condyles themselves articulates. 

4. The remainder of the vertebral column, consisting of 
distinct vertebrEE, which are divided into two sets : the 
trunk vertebras, extending (roni the posterior end of the 
vertebral plate to the root of the tail, and the caudal 
vertebrse, reaching to the end of that appendage. 

IV. Examine the trunk vertebra; ; some from the sur- 
face ; some by means of longitudinal and trans- 
verse sections; some by disarticulation from the 
rest; and others by allowing to dry. Make out 

5. The centra of the vertebrae (Figs. 11, 12, and 13, c), 
cylindrical bodies with deeply -concave anterior and pos- 
t^or ends; these ends are formed by concavo-convex 
^tes of bone, which meet one another in the middle of the 




(female). The skeleton seen from tl; 

:). On the left side (right in the figure) the ' 
dna, and on the right the hyoid and branchial 
ceplion of the fifth cerato-branchial ) and labial 
In the remaining pectoral tin, only the proKinuiI 






^ branchial 



ends of most uf the fin rays ai 
rays are omitted for clearness sake. 

ac, I, ac, 2, anterior and [losterior acetabular facets : anl, anlorbital 
cartilage : au, anditory capsule : a.t/.p, anterior vertebral plate : c.6r. 3, 
dr. 5, third and fifth cerato-bruicbials : cj", coracoid foatanelle 1 tr. 
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ttfeao^ ■ c,hy, ceralohyal ; e.br. 3, third epi-bnuichial : e.hy, epi-hfal ; 
A I, gl. 3, ^. 3, snteriar, middle, and posterior glenoid facets : 
i.Jr, I, h.ir. 3, h.br. 5, hypo-brancliials of Ihe first, third, and 
fifth branchial arches: hXy, hypo-hyal : Aw, hyooiaodibiilar ; ha, 
commencement of hxmal canal : U, iliac process : Ui. I, lb. 2, lb. 3, 
lb. 4, iRbial cartilages ; mck, Meckel's cartilage or lower jaw : ms.pt, 
mcsopterypum ; ml.pt, mclapterygium : 0/, olfactory cajBuIe : p.pt, 
proptetyginm : p.ptt, pre-pubic process ; pl.q'i, ptetygo-quadrate 
cartilage, or upper jaw : pu, pubic portion of hip girdle : r, rostrum \ 
T.c, rostral cartilage ; sc, scapula : s.cf, Ecapulo-coTacoid foiitanelle ; 
sp, spiracular carlilage : s.ic, ^upra-scapula. 

longitudinal ixis of the centram , the cartilage intervening 

Petween them is fimher strengthened by four radiating 
lates of bone, which give nse to a cruciform figure in a 



^^>ertel 

^Hlran! 



' Tig. ir.— Rajanasuta. The last seven trunlt vertebras, and the 
first ten caudal verlebrGc, viewed from the left side (nat, size), 

c, centra ; c,i. t, first caudal vertetra : d.r, dorsal root of spinal 
nrave ! i.f, hiemal process : A.s, hxmaX spine : i.n, inter-aearal plate : 
«A neural process; n.i, neural spiae 1 r, rib: (, trunk of spinal 
nerve ; tr, transverse process : ir. aS, twenty-eighth (last) trunk 
'Vettctea : D.r, ventral root of spinal nerve. 



isverse section of the centrum. The centra are si 
continue backwards the ventral portion of the anterior 
vertebral plate. 

6. The transverse processes (Figs, n and la, ir), 
bacliwardly directed rods of cartilage, which proceed one 
from either side of the centrum, and continue backwards 
the lateral ridges of the vertebral plate. 



7- The rudimentary ribs (Figs, ii and la, r\ small 
pieces of cartilage attached to the ends of the transverse 
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Fig. 12. — Raja nasuta. A Irunl: vertebra, seen from the front 
(nat. siix). 

c, centrum : L n, inter-neuraJ plate : n.p, neural process : n.s, neursl 
spine : r, rib : tr, transverse process. 



8. The neural processes {Figs, it, iz, and 13, n.p\ 
small triangular plates rising one from each side of the 
dorsal surface of the centrum : a small aperture in each of 
them transmits the ventral root of a spinal nerve (Fig. 

9. The neural spines (Figs, n, 13, and 13, n.s), flat 
plates dividing below into tivo triangular processes directed 
outwards, so that the whole plate has, in transverse action, 
the form of an inverted Y. Each neural spine is situated 
immediately above the vertebra of which it forms a part, 
but, save in exceptional cases, is not directly united with 
the neural processes, so that the neural arch is, so far, 
incomplete. 

10. The intemeural (or intercrural) plates (Figs. 
II, \3, and 13, i.«), six-sided plates of cartilage, which 
complete the neural arches laterally, filling up at the same 
time what would otherwise be the intervertebral foranoina. 
Each transmits the dorsal root of a spinal nerve (Fig. 11, 
d.r), the ventral root of which traverses the neural process 
next in front 
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11. The intervertebral substance,a gelatinous tissue 
filling up the biconvex spaces between contiguous vertebra;, 
and containing the remains of the embryonic notochord. 

V. Examine the caudal vertebra; in the same way: 
make out the following points : — 

12. The centrum of each vertebra (Figs, ii and 14, c) 
gives off, on each side, a downwardly-directed haemal 
process (^./), which is seen, by examining the transition 
region between tnmk and tail (Fig. 11), to be homologous 
with the transverse process of a trunk vertebra : the hsmal 
processes, uniting below, form the hEemal arch, which 




neural plate : ii.yi, neurol proces; 



transmits the caudal artery and vein (§§ 157 and 158): a 
^tmedian process, the hsemal spine (A.j), is given off at 
^n^e junction of tlie hsemal processes of most of the 
^■Vertebrae, or may occur as a distinct cartilage (sec Fig. 11). 
^B 13. The absence of inter-neural plates and of ribs. 
^K 14. The gradual reduction in size and simplification in 
^Tstructure of the verlebrEe, seen in passing from the anterior 

to the posterior end of the caudal region. 

15. The skeleton of the two dorsal fins, attached to 
"~ the posterior caudal vertebrEe : each consists of several 

radial cartilages or fin rays, attached to two basal 

cartilages, these latter being attached by fibrous tissue to 




several contiguous neural spines. Connected ivith 
distal ends of the radial cartilages are numerous homy fila- 
ments, the dermal fin rays, which support the dista 
portion of the fins. 

1 6. The skeleton of the caudal fin is rudimentary, c<rf 
sisting of a few very small radial cartilages attached to t 
posterior caudal vertebras : the fin is supported almog 
entirety by dermal fin rays, 

VI. In the brain-case, note 

17. The flat floor (basis cranii, Fig. 10) and 
(tcgmen cranii). 



the £rJ 




iS. The foramen magnum, a large rounded aperture 
on its posterior wall, ])laclng the cranial cavity in communi- 
cation with the neural canal of the vertebral column. The 
cartilage surrounding the foramen magnum constitutes the 
occipital region of the skull, 

19. The occipital condyles, rounded protuberances, 
one on either side of the foramen magnum, for articulation 
with the corresponding surfaces on the anterior vertebral 
plate : between them the base of the skull is scooped out 
for the reception of the odontoid process. 

20. The auditory capsules (Fig. 10, au), large out- 
standing masses of cartilage, one on either side of the 
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T or occipital region of the skull, and serving for the 
lodgment of the organ of hearing, 

21. In front of the auditory capsules— the interorbital 
region — the cranium narrows considerably, but soon widens 
out again to form 

22. The nasal capsules (Fig. 10, of), large outwardly 
projecting masses of cartilage, containing a cavity for the 
lodgment of the nasal sacs, which cavity is closed above, 
but widely open below, and communicates with the cranial 
cavity by a large aperture through which the olfactory nerve 
(§ 179) passes (see §32). 

23. In front of the nasal capsules the skull narrows again 
to form the long projecting rostrum (Fig. 10, r), at the 
sides of which the two thin rostral cartilages (r.cj are 
attached. 

24. In the postero-inferior region of the auditory capsule 
close to where it joins the occipital region, is an aperture 
leading by a canal excavated in the wall of the auditory- 
capsule, into the cranial cavity, and serving for the transmis- 
sion of the pneuraogastric or vagus nerve (§ 214). 

25. A smaller aperture in the capsule external to the 
last : this gives exit to the glossopharyngeal nerve (§ 21$). 

26. Two considerable apertures in front of the auditory 
capsule, where it joins the side wall of the skul! : the upper 
and larger of the two is for the transmission of the fifth or 
trigeminal nerve, the smaller of tlie two, situated below and 
somewhat behind the first, for the seventh nerve or portio 
dura (§ 186). 

27. On the upper surface of the auditory capsule, near 
the middle line, is an aperture- — ^that of the aqueductus 
vestibuli — leading directly into the cavity of the capsule 

^<see§2i3). 

. On the upper surface of the skull, between and ii. 
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front of the auditory capsules, is a large oval space closed 
by dense fibrous tissue ; this is the posterior fontanelle. 
sg. Anterior to and between the nasal capsules is ! 
similar space, freely open in the prepared skull, 
anterior fontanelle. 

30. In the side- wall of the skull, about midway between 
the olfactory and auditory capsules, is the large optic 
foramen for the transmission of the optic nerve (§ 183) : 
almost immediately above this are several very minuta 
apertures through which the fourth nerve (§ i8g) passes^ 
while behind it is a small foramen for the passage of the 
third nerve (g 184). 

31. The nasal capsule is perforated by two canals just 
where it joins the skull, one through its upper part for the 
orbito-nasal nerve (§ 205), another through its lower pait; 
for the palato-nasal nerve {§ 209). 

32. By making a longitudinal vertical section of the 
skull, or by removing its roof, the large olfactory 
foramen is seen, leading from the cranial cavity into that 
of the olfactory capsule, and giving exit to the olfactory, 
nerve (5 1,5). 

33. In the same section of the skull is shown a larger 
foramen — the internal auditory meatus — leading from 
the cranial cavity to that of the auditory capsule, and t 
raitting the auditory nerve {§ i86) ; a little posterior to thi* 
is a small aperture by which the glossopharyngeal nerv^ 
enters the auditory capsule to leave it by the forame 
already seen {§ 25, see also g§ 188 and 2 iS) : posterior t 
this again is the inner aperture of the canal for the Tagn 
(§§24, i8g, Z19). , 

VII. In the remaining loosely-attached portions of tfij 
skull make out 

34. The labial cartilages {Fig. 10, /A i — 4), of ^f^ani 
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there are altogether four, in connection with the ventral 
region of each olfactory capsule : the first {Ik i) supports 
the corresponding flap of the fronlo-nasal process (g 64), the 
^^ second {lb. 2) lies in the fold of skin external to the naso- 
H- buccal groove {§ 64), the third {lb. 3) bounds the nostril 
^■^ internally, and the fourth {lb. 4) externally. 
^1 35- The antorbital (palatine) cartilage (Fig. lo, 
^Bon/), a thick rod, attached to the outer face of the olfactory 
^Kcapsule, and curving outwards and backwards to join the 
^r anterior prolongation of the pectoral fin. 
B^ 36. The hyomandibular (Fig. 10, h.m), a club-shaped 
^ cartilage, articulating by its broad end with the infero- 
external region of the auditory capsule, and passing down- 
wards and forwards. 

37. The spiracular cartilage (meta-pterygoid) (Fig. 
10, sp), a semi-tunar plate, attached by ligaments above to 
the auditory capsule and below to the inferior end of the 
hyoman dibular. 

38. The upper jaw (Fig. lo, pt.qu), formed by the 
fibrous union in the middle line of the two pterygo- 
guadrate cartilages, which together form a strong, 
curved, transverse bar, connected at its extremities by 
ligaments to the hyomandibular and spiracular cartilages. 
Each end presents a smooth convex facet for articulation 
with the lower jaw. 

39. The lower jaw or mandible (Fig. 10, mck), 
formed by the fibrous union in the middle line of the two 
Meckel's cartilages ; it closely resembles the upper jaw 
in shape, and is articulated to it at its extremities. Both 
upper and lower jaws are more strongly calcified than the 
rest of the skull. 

40. The hyoid arch (Fig. 10, e.ky, c.hy, h.hy), a slender 
rod of cartilage, attached dorsally to the postero-superior 
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angle of the hyo mandibular by a band of fibrous tissue, the 
inter-hyal ligament, and made up of three segments, 
an epi-hyal (e./i)'} above, cerato-hyal (c^_f) next, and 
hypo-hyal {A./ty) below. 

41. The five branchial arches {Fig. 10), each of which 
consists primarily of four segments, which are, counting from 
above downwards, pharyngo -branchial, epi-branchial 
(fJr), cerato-branchial {c.dr), and hypo-branchial 
{/i.lir). The fourth and fifth pharyngo -bra nchials unite 
with one another and with the fifth epi-branchial to form a 
single cartilage : the first hypo-branchials (fi.br.j) unite 
with one another in the middle line, forming a slender 
transverse bar of cartilage just posterior to the lower jaw : 
and the fifth hypo-branchials {ii.br. 5) also unite with one 
another to form a large basi-branchial plate, produced 
anleriorly into two processes, and lying immediately dorsally 
to the heart and ventral aorta. 

VIII. In the shoulder girdle, note 

42, The complete union of the two hah'es of the girdle 
in the middle line be!ow, and the attachment of each half 
above to the median dorsal ridge of the anterior verteb 
plate (Fig. 10). 

43, The three convex articular surfaces or glenfi 
facets (Fig. 10, gi. 1 — 3), situated on the external ; 
of each half of the shoulder girdle, and serving for the 
attachment of the three chief divisions of the fin (see 
§§ 46—48). The part of the girdle which lies to the don 
side of the glenoid facets is the scapular region {si 
— that on the ventral side the coracoid region (cr). 

44. The three large apertures or fontanelles wh 
perforate the shoulder girdle; the anterior of these il 
the scapulo-coracoid fontanelle (Fig. 10, s.c.f)i 
postero superior, the scapular fontanelle, and 
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postero-inferior one, separated from the preceding by a bar 
of cartilage, the coracoid fontanelle {c.f). 

45. The separation from the remainder of the girdle of 
that part which is immediately attached to the vertebral 
column ; this is the supra-scapula (Fig. 10, s.sc), a flat 
quadrate plate, attached hy fibrous tissue to the scapula 



rjper. 
IX. 
46. T 






IX. In the pectoral fin, make out 

46. The pro-pterygium(Fig. 10,/.//), along stout car- 
tilage, articulated proximally to the anterior glenoid facet, 
and passing forwards and slightly outwards ; it is continued 
forwards by a series of similar cartilages, of progressively 
diminishing size, which extend in front of the olfactory 
capsule, and one of which becomes connected with the 
antorbital cartilage. 

47. The meso-pterygium (Fig. 10, ms.ft), a flat, com- 
larativeiy small cartilage forming the central portion of the 

attached part of the fin: it articulates with the middle 
glenoid facet. 

48. The meta-pterygium (Fig. 10, mt.pf), a similar 
cartilage to the pro- pterygium, which articulates with the 
posterior glenoid facet, and passes backwards and outwards : 
it is continued backwards by a series of smaller cartilages, 
which extend a little posterior to the pelvic girdle. 

49. The fin rays, long jointed rods of cartilage, attached 
their proximal ends to the three chief divisions of the 
e-limb, and becoming very slender at their distal extrerai- 
s: a few enter into direct connection with the shoulder 

irdle, between the meso- and meta- pterygium. 

X. In the pelvic girdle and fins, observe 

50. The hip girdle, consisting of a stout ventral bar 
[Fig. 10, pu) which sends off on each side a forwardly 

[directed pre-pubic process (/./a) from the externa) 
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extremity of its anterior edge, and an iliac process (iSJ 
directed upwards and backwards from the external extremij] 
of its dorsal surface. 

51. The acetabular facets (Fig. 10, 17c, 1, ac. 2), 1 
projecting convex articular processes on the extremities J 
the hip girdle, the anterior being directed outwards, \ 
posterior backwards. 

52. The basale metapterygii, a stout backm 
directed cartilage, articulating with the posterior acetabol 
facet ; it is continued by smaller cartilages to the f 
point of the fin. 

In the male this series of cartilages is diceclly coDtinued ii 
skeleton ot the claspers (see g 57), ivhich is composed of several 
more or less calcified cartilages, some of them produced into sharp 
processes of various forms, 

53. The fin rays : the first four or five are attached to 
the pelvic girdle, pass almost directly outwards, and support 
t!ie anterior lobe of the fin (§ 56); the first, or pre-axial 
ray, is many times thicker than any of the others, and 
articulates with the anterior acetabular facet : the remaining 
fin rays are connected with the basale metapterygii, 
outwards and backwards, and su]3port the posterior lobe g 
the fin. 



E.— DIRECTIONS FOR DISSECTION. 
XI. Verify the following external characters :— 
54. The extreme depression of the body from abc 
downwards : its rhomboidal shape, the anterior angle of ^ 
rhomboid being formed by the snout, the lateral a 
the points of the pectoral fins, and the posterior angles 
the root of the tail, which is slender, depressed like | 
body in its anterior part, but compressed from side to ; 
posteriorly. 
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In R. batis the angle of the extremity of the snout is acate, and the 
Eateral or pectoral angle aliglitly ;o : in R. clavala and R, maculata 
lie angle of the snout is obtuse and llie pectoral angles nearly right 

55- The immense pectoral fins, of a triangular shape, 
the bases of the triangles extending from the anterior ex- 
tremity of the snout to within a short distance of the base 
of the tai], and their apices forming the lateral angles of the 
rhomboiJal body. 

56. The pelvic fins, each of which lies in the angle 
between the posterior end of the corresponding pectoral fin 
and the root of the tail, and consists of two lobes, an ante- 
rior outwardly-directed narrow one, and a posterior broader 
one, produced backwards, parallel with the taiL 

57. In the male, the claspers, elongated organs, each 
presenting a groove along the outer edge, and strengthened 
by a cartilaginous skeleton which projects into the cavity 
of the organ in the form of sharp plates of various shapes, 

58. The dorsal fins, two small median lobes near the 
posterior end of the tail. 

59. The caudal fin, a still smaller lobe, quite at the 
eirtremity of the tail. 

60. The characters of the integument : it is tough and 
strong ; greyish brown on the dorsal, white or grey on the 
ventral side; In certain parts it is quite smooth and devoid 
of scales, but in others is roughened by minute asperities or 
by well-marked spines, both being the exposed portions of 
the placoid scales, each of which consists of a button- 
like bony base imbedded in the derm, and of a thorn-like 
enamelled portion, which projects through the epiderm on 
to the surface of the body : these scales are best made out 
by dissecting out one of the larger ones. 

In R. batis the dorsal integument is dark olive-^reen or brown, 
the ventral inlegument daik grey, nitb minate black dots marking the 
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apertures of the sensory tabes : Ibe only large spines arc on the tail ; .1 
the greater part of the skin is smooth. 

In R. clavata, the skin is brown above, white below ; the dorsal J 
surface of the ivhole body is covered with asperities often produced intol 
distinct spines : the latter are especially laJ^e near the eyes and in thtJM 
middle line of the back and tail i in the female eipecially, lai^e ; 
occur on both dorsal and ventral surfaces of the body. 

In R. raaculata the dorsal surface is brown with darker brown atM 
black spots, the ventral surface white : the skin is nearly smoofli>.'| 
except on the tail and in Itie r^on of the eyes : in the male there is 
patch of lar^ movable seines on each side of the head and o 
pectoral fin, both on the dorsal surlace. 

6r. The mouth, a wide, transverse aperture on '■ 
under surface of the head, supported by the strong uppe^ 
and lower jaws, vehich can be felt through the skin. 

62. The teeth, forming a close pavement of small i 
ameiled plates, produced in some cases into sharp spines, j 

In R. clavata the teeth are pointed in the male, 1 

63. The nostrils, moderate-sized apertures, one on eitib 
side of the under surface of the liead, a little in in 
the mouth, 

64. The fronto-nasal process, an escutcheon-s 
fold of integument, extending from the posterior bonndj 
of the nostrils backwards towards the mouth, at either anj 
of which it forms a rounded lobe, beset with fimbria, 
lobe bounds internally, and converts into an incomple^ 
canal, a groove— the naso-buccal groove— which 1 
tends from the nostril to the angle of the moufh. 

65. The branchial apertures, five valvular slits on t, 
ventral surface of the body, behind the mouth, those i 
opposite sides approaching one another posteriorly.* 

' Behind the last pair of branchial apertures, on the skin covenngl 
ventral portion of the shoulder girdle, is a pair of slit-like depresBOJ 
looking like an obliterated sixth pair of gill slits. 




TilE SKATE. 



43 



66. The vent, or cloacal aperture, a large opening 
irith tumid lips, near the root of the taih 

67. The abdominal pores (Figs. 18 and ig, pp. 55 and 
B?) "■/)! small slits, one on each side of the middle line, 

1st posterior to the vent. 

68. A strong bar — the ventral portion of the shoulder 
girdle (Fig. 10, cr) — can be felt a little behind the last 
pair of gill slits, and a similar bar— the pelvic girdle {pii) 
— a httle in front of the cloaca. Between these lies the 
abdotninal cavity, and in front of the shoulder girdle, 
between the branchial apertures, is the position of the 
pericardial cavity. 

69. The eyes, on the dorsal surface of the head, just 
over the mouth : they are greatly depressed from above 
downwards, and have no eyelids. 

70. The spiracles, two considerable apertures, one 
Jehind each eye : they communicate with the cavity of the 
inoutlL The front wall of the spiracle is covered with fine 
ridges, which constitute the pseudobranchia, the remains 
of an embryonic gill. This is supported by a plate of 
cartilage which may be easily felt, called the spiracular 

^cartilage (§ 37). 

. The sensory tubes, seen best on the ventral sur- 
, 'fece, as delicate, transparent, winding lines, arranged sym- 
metrically on opposite sides of the body, just beneath the 
skin, on the surface of which they open by minute apertures. 
XII. Make a median longitudinal incision, first through 

hthe skin, then through the underlying muscle, from 
the posterior edge of the shoulder girdle to the 
anterior edge of the hip girdle : make transverse 
incisions from both ends of this, and reflect the 
Saps of skin and muscle, so as to expose the 
irt)dominal cavity. Make out the following : — 
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72. The peritoneum, a shining pigmented membrar 
lining the abdominal cavity and investing the 
it is secreted the larger or smaller quantity of peritonec^ 
fluid contained in the cavitj. 

73. The large, soft, trilobed liver, attached by a broi 
base at the anterior part of the abdominal cavity, to t 
hinder boundary of which its lobes extend; in colour 3^ 
varies from light brown to dark olive green. 

74. The stomach, largely concealed by the middle and 
left lobes of tlie liver, and passing towards the posterior side 
of the abdominal cavity, where it becomes narrowed and 
bent upon itself in a U shape. 

75. The intestine, partly hidden by the right lobe of 
the liver ; it is wider than the stomach and marked 
externally with a spiral groove. 

76. The cloaca (Figs. 18 and 19, (t/), connected with the 
posterior end of the intestine and situated quite in the 
posterior part of the cavity : it is much larger in the female 
than in the male. To bring it clearly into view it is advis- 
able to remove carefully the median portion of the pelvic 
girdle. 

77. The spleen, a dark red lobulated body, situated 
between the limbs of the U-shaped stomach, 

7S, The pancreas, a firm whitish gland, consisting of two 
lobes, a large dorsal lobe, closely applied to the left side of 
the intestine and connected by a bridge of gland substance 
with the small ventral lobe, which lies to the ventral j 
of the junction between stomach and intestine. 

79. In adult specimens, more or less of the testes (Fi^l 
18, /) (in the male) or of the ovaries (Fig. 19, ov) and! 
oviducts {od) (in the female) will be seen without c 
turbing the other organs, at the sides of the abdom 
cavity, on the dorsal side of (beneath in their pres 
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position) the foregoing viscera : they should be brought 
into view by turning over the latter. 

80. The kidneys {Figs, 18 and 19, *) are also seen 
when the other viscera are turned aside, as long, dark red 
bodies, lying one on either side of the middle dorsal line 
of the posterior end of the body cavity : they are often 
obscured by the thick pigmented peritoneum which covers 

m. 

XIII. Make a median longitudinal incision from the 
anterior boundary of the shoulder girdle to about 
the level of the second gill cleft ; take transverse 
incisions from both ends of this, and reflect the 
flaps made, so as to expose the pericardial cavity : 

5i. The strong fibrous partition bounding the peri- 
r eardium posteriorly, and separating it from the abdominal 
I ■ cavity. 

82. The heart (Figs. 17, 20, and ai), consisting of a 

V fleshy ventricle (v), from which is given off anteriorly, 

I and somewhat to the right side, the fleshy tubular conus 

'arteriosus (c.a) ; and to the dorsal side of these (beneath 

in this position) the large thin-wa!led sub-triangular auricle 

(a"), and posterior to this, the transverse, tubular, transparent 

sinus venosus (s.v). 

XIV. Remove the skin to a distance of about an inch 
on either side of the heart, so as to expose the 
gill-sacs : remove the ventral walls of the latter, 
so as to expose their ca-vities. Make out 

S3. The five pairs of gill cavities, separated from one 
fanother by complete partitions, and opening externally by 
frfhe apertures ah'eady seen. 

84. The red branchial filaments attached to both 
interior and posterior walls of all the cavities except the 
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last, the posterior face of which is devoid of them. Each! 
set of filaments is a demibranch or half-gill : each j 
partition with its pair of demibranchs constitutes a { 
It wiil be seen that there are four complete gills, and otu 
odd half-gill forming the first of the series. 

XV. Make an incision through the skin of the hea 
about an inch in front of the eyes, 
region of the anterior fontanelle : lifting up 1 
edge of the incision, so as to see what you i 
about, cut away the roof of the skull and the J 
overlying skin, until the brain and the anterior! 
part of the spinal cord are exposed. If no othenf 
specimen is to be dissected, go over §§ i6g — if 
then remove the brain by cutting through i 
nerves and place it in strong methylated spirit. I 
If a special dissection of the nervous system is t 
be made, remove to spirit at once,' first noting 

85. The dura mater, or membrane lining the cerebr 
spinal cavity, in which the brain and spinal cord lie. 

86. The pia mater, a delicate membrane investing. J 
the brain and cord and containing numerous bloods] 
vessels, 

87. The arachnoid fluid contained in the cerebra 
spinal cavity. 

88. A mass of gelatinous tisEue filling up the anterior port OEA 
cerebral cavity. 

■ For the satisfectory dissection of the brain, it is necessary for it tt 
placed in spirit while fresh : it is therefore advisable for the student tt 
reach this stage of the dissection by the end of the first day's work. Fc 
permanent preparation, the brain should be placed for 24. hours ii 
saturated solution of zinc chloride, and then, after removal of the i 
mater, into strong alcohol, wiiich should be changed at least 
(Giacomini's method) : the bra.in, cither separate or 
be prepared by the glycerine jelly process (p. a, § I). 
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. Place the animal with the ventral side upwards, 
turn the lobes of the liver forwards so as to 
expose the remaining abdominal viscera, and 
without cutting or tearing anything, make out the 
following points : — 

89. The relations of the various parts of the alimentary 
canal: the cesophagus or gullet enters the abdominal 
cavity through its anterior wall, to the dorsal side of the 
liver, and almost immediately dilates slightly to form the 
Stomach : this passes to the posterior boundary of the 
abdomen, becomes narrowed, turns upon itself, and passes 
forward to about the middle of the cavity, where it forms a 
thickening — the pylorus— and becomes continuous with the 
intestine : this is, in its anterior or proximal portion, 
devoid of the^^iral groove mentioned in g 75, and loses 
it again in its posterior or distal part, shortly before it 
passes into tJie dilated cloaca ; the anterior smooth 
portion of the intestine may be called the duodenum, 
the middle, dilated, spirally-marked portion the colon^ 
and the posterior smooth portion the rectum : to the 
latter is attached, dorsally, a small conical red body, the 
rectal gland. 

90. The mode of attachment of the alimentary canal. 
The posterior part of the cesophagus and anterior part of ' 
the stomach are suspended to the dorsal wall of the abdo- 
minal cavity by a fold of peritoneum, the mesogaster : 
the rectum is similarly suspended by a second fold, the 
mesorectum. The greater part of the intestine, on the 
other hand, is entirely unsuspended, so that tJiere is no 
mesentery proper. 

91. The fold of peritoneum — gastro-hepatic omen- 
tum — which passes between the liver and stomach, and is 
joined near the latter by a similar but much longer fold, the 



duodeno-hepatic omentum^from the duodenum. In 
these folds arc contained the various vessels passing to the 
liver (§ gi). . 

<jz. The attachment of the spleen to the dorsaJ wall Afljj 
the stomach by a broad sheet of peritoneum, the gastr^l 
Splenic omentum. '' 

93. The vessels ' contained in the duodeno-hepatic 
omentum, to see which the membrane should be put 
somewhat upon the stretch. These are the bile duct 
(Fig. 15, cii.ii) to the animal's right side, the duodenal 

' For the salbfaclory dissecti-on of the blood-vessels the fish should be 
injccled r if not, they may be made out by inflating u itli air by means 
of at) anatomical blowpipe. 1 find the following the ■aunt convenieoi: 
melliod for injection. Have ready four of the movable cannulze usually 
provided wilh injtcling syringes, or if Ihese are not at hand, fom' glass 
lubes drawn out to the form shown in the annexed cut : the end a is 
for insertion in the vessel, the constriction b for the 
purpose of preventing any slipping of the ligatur 



(over the end c a short piece of india-rubber tubing L 
placed, and into this the nozzle of the syringe is poshed. 
Make a small incision into the conus arteriosus, place 
one cannula in it, directed forwards, and tie it firmly 
in its place : tie the second, directed outivards, into 
the sinus venosus : the third, directed forwards (i.e. 
towards the dor.sal aorta), into the duodenal artery : the 
— fourth, also directed forwards, into the duodenal vein. 

Fill an ordinary tumbler half full of fine plaster of Paris, 
coloured with a little of the common " French blue " or ultramarine 
of the oi] shops : fill up tbc tumbler with water, stir well and 
immoiiatcly Kirain the liquid through coarse muslin into a second 
tumbler. Fill the syringe, and inject through all four cannula; suc- 
cesiiivcly. This must bo done very rapidly or the plaster will seL On 
removing the syringe from a cannula, the india-rubber tube should 
be plugged with a small piece of wood to prevent escape. AH the 
chief vesseli arc injected In Ihiti way : the ventral anrta and its branches 
From the conus, the iiy«ten;iic veins from the sinus venosus, the dorsal 
aorta and its branches from the duodenal artery, and the portal veiii 
fjrm the duodenal vein. The caudal and renal portal veins have to be 
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"anc^Speiior mesenteric arteries (Fig, 20, if, s.m) towards 
the left, and the wide thin-walled portal vein (Fig. 16, p) 
betH-een them. 

Riuuiing parallel with these vessels is also a traDSprirent thin-walled 
lymphatic vessel, from which many of the chief lymphatics cod be 
injected, 

94. The gall bladder (Fig. 15, gJ), a greenish or 
yellowish transparent sac, partly imbedded in the liver 
between its right and middle lobes. 



k 




Fig. 15.— Raja raauta. The gall bladder and bile ducts (half n: 
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XVII. Carefully dissect away the peritoneum from the 
bile duct: make a small aperture in its wall, in- 
troduce a blow])ipe and inflate: the gall bladder 
will be distended : trace the duct in both directions 
and make out 



separately : the femoral anil ilio-ha:morrhoidal veins also often 
escape being filled. In a preparation for demonstraling purposes it is 
advisable lo colour the plaster of Pari^ used for injectinE the dorsal 
norla with vermilion or carmine instead of French blue. 



95- Its passage anteriorly into the gall bladder, by the 
short cystic duct (Fig. 15, c.d). 

96. Its entrance posteriorly into the duodenum, im- 
mediately behind the pylorus on the dorsal side. A bristle 
should be passed into the duodenum through the cut end 
of the duct. 

97. The junction with it of the two hepatic ducts, one <Fig. 15, 
l.h.d) from the middle and left lobes, the other {r.h.d\ from the right 
lobe of the liver : the latter enterf the common bile duct close to its 
junction with the liver, so that the cystic duct \e.d\ is very short. 

XVIII. Dissect away the peritoneum from the pancreas, and 

9S. The pancreatic duct, passing from the ventral lobe of the 
gland to open into the ventral wall of the duodenum, almost exactly 
opposite the entrance of the bile duct, 

XIX, Dissect away the peritoneum from the blood 

vessels mentioned in § 93, and trace them in both 

directions, turning the stomach over to the left to 

see the origins of the arteries. Note 

99. The portal vein {Fig. 16, f), passing towards the 

middle lobe of the liver, and sending off branches to all 

three lobes. 

It is constituted dislally by a gastric vein {g), which receives the 

spleen, " 



100. The coeliac artery {Fig. 20, cd), entering the 
abdominal cavity on the dorsal side of the cesophagus and 
dividing into two trunks, one of which, the gastro-hepatic 
artery, sends off a hepatic artery {h) to the liver and 
a gastric artery {£) to the stomach, while the second or 
duodenal artery {d) passes down the duodeno-hepatic 
omentum, and supplies the greater part of the duodeniini 
and the pylorus, 
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101. The superior mesenteric artery (Fig. 20, s.m) 
entering the abdominal cavity parallel with, and a little 
posterior to tho cceliac. 

It divides into two main branches, one of which supplies the intestine 
(i), the other the pancreas (/«) and spleen (i//). The rectum is 
mainly supplied by the small inferior raesenteric artery (§ 157, Fig. 
" !'i), which passes directly from the aorta to the rectal gland. 




I Fig. 16.— Raja nasuta, Theportal vein (one-third nat. size). 
[ dii, duodenal vein ; g, gastric vein : 1, intestinal vein : f, main trunk 
I portal vein : ftt, pancreatic veins : sj>!, splenic vein. 

I. The ramifications of the gastric branch of the 
meutnogastric nerve on the walls of the stomach (see 
S «4). 

XX. Tiirn the liver into its natural position again, and 
remove just sufficient of the shoulder girdle to 
bring into view 
:o3. The hepatic sinus (Fig. 17, fi.s),a large transverse 
;el, lying across the ventral surface of the cesophagus, 
immediately in front of the anterior border of the liver : it 
receives the hepatic veins by which the blood is returned 
from the liver. 

104. The anterior extremities of the oviducts (Fig. 19, 
jl./) in the female, or the rudimentary pronephric ducts 
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in the male (Fig. iS, pn,d, see §§ 117 and 118.) The 
former are attached to the dorsal (under, in the present 
position,) surfaces of the shoulder girdle by a distinct 
ligament 

XXL Remove the liver, taking care not to injure 
the hepatic sinus or oviducts : cut through the 
stomach just beyond its junction with the oeso- 
phagus : cut through the rectum just anteriorly to 
the rectal gland : remove the alimentary canal 
between these two points. 

Wash out the contents of the alimentary canal by directing a stream 
of water through it, then fill with a 0*5 per cent, solution of chromic 
acid, by tying one end, pouring in the acid through a small funnel or 
injecting it with a syringe, and when full, tying the other extremity : 
place in a vessel of the same solution for a few days : when sufficiently 
hardened, cut windows in various parts and make out 

105. The pyloric valve, a fold of mucous membrane exteiiding 
between the stomach and intestine, and opening towards the latter. 

io6. The spiral valve, commencing in the duodenum as a simple 
inwardly-directed fold of the mucous membrane, and in the colon 
becoming a spiral inclined plane which finally terminates at the com- 
mencement of the rectum. The development of the spiral valve varies 
almost indefinitely : its width may be either less than, equal to, or 
greater than the semi-diameter of the gut : the plane of any part of it 
may be either at right angles to the long axis of the intestine, or in- 
clined to it in either direction. There ^is also much variation in the 
number of turns of the spiral and in the character of the mucous 
membrane. 

107. The irregularly longitudinal ridges or rugse of the stomach. 

108. The network of fine ridges, covering the interior of the intestine 
and the spiral valve. 

XXII. If the fish is not injected, make a small aperture in the 
sinus venosus, introduce a blowpipe directed outwards, and 
inflate. 

109. If nothing has been cut, a large inflated sac will be seen in the 
middle of the abdominal cavity, between the genital glands : this is the 
great cardinal sinus (Fig. 17, cd.s), formed by the union in the 
middle line of the two posterior cardinal veins (cd), by which the blood 




ventral 






The port.-J vein is not shown ; the reoal portal vein (r.f) is supposed 
to be removed on the right side (left in the figure), and the femoral 
(/«), ilio-h^morrhoidal {i/.A), &c., veins as well as part of the car- 
dinal (cJ) on the left. The right preeaval sinus [fi.s) is cut open, 
so OS to show the aperiores in its walls. The outlines of those portions 
of the auricle {a») and sinus venosus (s.v) which lie behind (dorsal 
to) the ventricle {v), are dotted. 

at, veins from abdominal walls ; an, auricle : i.a, bnlbus anteriosus : 
ir, tn'ochial vein : c, caudal vein: e.a, conua arteriosus ; cJ, cardinal 
vein: cd.', poaterior anastomo^Li of cardinal veins': ei/.s, cardinal sinus : 
9*^1 epigastric vein ; fin, femoral vein : A.s, hepatic sinua : Jia, hicinor- 
rhoidal veins : il.6, ilio-hseinorrhoidal vein : i.^, inferior jugular 
vdo : ji4, jugular vein : fy, opening of lymphatic trunk into preeaval 
SODS : jV.j, preeaval sinus : r.p, renal portal vein : r.fi', factors of 
" " ■ ' lein from pelvic and lunibar regions : r./", branches of 

eins entering kidney : yv.j, spermatic sinus : i.v, sinus 
eiilride. 
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i* brought back from the tail, kidneys, genital crgan<i, cloaca, r 
pelvic linii, &c. These veins run along the inner £ide of the kidneys 
(see I (Jo), and enter the sinus at about the anteripc extremi^ of those 
gjlalidi : leaving the sinus, (he cardinal veins are continued forwards 
and curve round the gullet lo join the precava] sinus Ifc.s) : they are 
betl Ken at a future stage. 

XXIII. The following organs are also best observed at 
this stage : — 

I lo. In the male, the testes (Fig. i8, /), irregularly oval 
bodies, closely connected with the venous sinus, one on 
cither side. In the adult they have a flat ventral and a 
rounded dorsal surface : the former has a granular appear^ 
ance, the latter is beset with small rounded elevations. In 
the young condition the whole surface is quite soft and i 
granular. At its anterior end, even in the adult, the testis ' 
is soft and thin, and passes into the upper end of the 
epididymis (see § 114) by which its secretion is carried 
oE 

111. In the female the Ovaries (Fig. ig,ov): these in 
the young condition are indistinguishable from testes, but in 
the adult state are covered with elevations varying from the 
size of the yolk of a hen's egg downwards — the Graafian 
follicles. Note the absence of any duct in direct con- 
nection with the ovary, the ova having to pass into the 
peritoneal cavity before reaching the aperture of the ovi- 
ducts. 

112. The fold of peritoneum called mesorchium in 
the male, mcsoarium in the female, by which the genital 
glands are supported. 

XXIV. Remove the genital glands and the venous 
sinus, and very carefully dissect away the perito- 
neum from the organs still left in the abdominal 
cavity, noting 

113. The kidneys (Figs. 18 and 19, i), flat, reddish 




Fig. iS.— Raja batia. The urinocenital oi^ans of the male (one- 
third nat. size). 

The organs are supposed to be removed from the body along with a 
smaJl portion of the ceaophagmi (iej), and-Wewed from the ventral aspect : 
the right testis (/) is removed, along with the corresponding epididymis 
{efd\ and all bnt the posterior extremity of the vas deferens (v.d), 
which, tdlb (he sperm sax (s.s) is turned outwards to display the 
ureters (ar) : the cloaca. ((■/), the uiinogenital sinus {ug.s), and the 
right vesicula seinimdis {v.s) and sperm sac {s.s) are laid open. 

a.p, abdominal pore : cl, cloaca : tpd, epididymis : i,r, inter-renal 
body ; i, kidney ; as, cesophagus ; /n.rf, prouephric duct : s.s, sperm 
sac : iJ, its opening into the urint^enital sinus : I, testis ; us-P\ urino- 
eenital papilla: ug.s, urmogenital sinus: »r, ureter; ur", i 



v.d. 



u deferens; zi.i, vesiciita semitiaJis : 
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brown, lobulated bodies, lying close to the dorsal wall of 
the abdominal cavity, and covered, on their ventral surfaces 
only, by peritoneum. 
In ike male. 

114. The epididymes (Fig. x8, epd), long flat, whitish 
bodies overlapping the anterior part of the kidneys, and con- 
tinued forwards to the front boundary of the abdominal cavity. 
The greater part of the epididymis (mesonephros or paror- 
chis) has a granular appearance, and its actual tubular 
structure is only seen in microscopical examination, but on 
its ventral surface it is very evidently made up of a greatly 
convoluted tube, which becomes more distinct and less 
voluted near the posterior boundary of the parorchis, wh( 
it passes into 

115. The vas deferens (Fig. 18, v.d), mesonephric 
duct, or duct of the testis, a convoluted tube passing back- 
wards from the hinder end of the epididymis, towards the 
posterior boundary of the abdominal cavity, where it 
becomes dilated. 

116. The sperm sacs (Fig. iS, j.j), large whitish ovoidal bodies, 
in the posterior region of the abdominal cavity, and immediately 
eilemal to the posterior dilated portion of the vasa deferentia, from 
which they are separated externally by bo slight a groove as not to be 
readily di-itmguishable from them. They are seen to advantage onlj in 
fully adult specimens. 

117. The coalesced remnants of the Miillerian or pronepbiic 
ducta (Fig. 18, pn.d), consisting of a fine thin-walled lube, situated 
on the ventral wall of the hepatic sinus, where it dies away at 
each side, and opens in the middle line by a small aperture homo- 
logous with the peritoneal opening of tlie oiiducts in the female 
(see S 118). 

In the female. 

118. The oviducts (Fig. ii), fi.t,ut), each of which 
consists of two parts : a posterior, wide, thick-walled uterine 
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portion (tit), opening into the cloaca, and an anterior, 
slender, thin-wailed iwrtion, or Fallopian tube (/./) 
which unites with its fellow of the opposite side on the 

Fig. 19. — Raja batis. The urinogenital organs of Iht female (one- 
third nat. size). 

Tlie organs are removed from the body along with a small portion of 
the ociophagus (zj), and are viewed froia the ventral aspect. The left 
ovary (flf) is removed as vrell as the greater part of the right oviduct ; 
the cloaca aod the right horn of the uriiiHry bladder are kid open. 

a.p, abdominal pore: c/, cloaca; yf./, Fallopian tube, or anterior 
portion of ovidnct : ^,f, common open ing of (be conjoined Fallopian 
tubes into the abdominal cavity : i, kidney : mn.d, mesonephric duct ; 
od.g, oviducal gland ; ces, esophagus : ov, ovary : w.i, urinary bladder : 
v.p, urinary papilla : ur, ureters : uC, uterine portion of oviduct : 







.0 the cloaca. 



ventral surface of the gullet, where the two tubes have a 
common oval opening {fl-f) into the peritoneal cavity. 
At the anterior end of tlie uterine portion of the oviduct ii 
a large, solid, reniform body, of a whitish hue, imbedded in 
' its walls ; this is the oviducal gland ipd.^, and secretes ■ 
the homy " purse " in which the eggs are laid : it is not 
developed in very young specimens. 

ug. The urinary bladder (Fig. 19, u.b) 3 bilobed 
sac with thin membranous walls, situated between the 
posterior ends of the oviducts : it will be better seen afto* 
distension with air (see § 123). 

XXV. Open the cloaca by a median incision along its 
ventral wall, and note in it 

120. The opening of the rectum. 
In f/ie male. 

1 2 1. A small, thin-walled tube, the urinogenital papilla , 
(Fig. 18, ug.p), projecting fiom the dorsal wall of the 
cloaca. By inserting a blowpipe into this and infladt^ 
the sperm sacs and vasa deferentia will be dilated 

In t Ice female. 

122. The large, thick-lipped apertures of the oviducts 
(Fig. 19, uf), one on each side of the anterior region of 
the cloaca. In young specimens each of these is closed 1^ ■ 
a fold of the mucous membrane, the hymen. 

173. A small conical elevation, the urinary papilla 
(Fig. 19, w./), situated between the oviducal apertures and 
having at its apex a small opening : by inserting a blowpipe' 
into this and inflating, the urinary bladder will be' 
distended. 

In the tnale.^ 
XXVI. Stit up tlie urisogenitsi papilla, cutting along a probe a 



-127) can only be made out to advantage 
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blowpipe passed into it, and taking cure not to go too far. 

The papilla, will be found to lead into 
IZ4. The urinogenital sinus (Fig. 18, ug.s), a small cavity attached 
to (he dorsal wall of the cloaca, into which it opens by the urinogenital 
papilla : at its anterior extremity will be seen two pairs of apertures, 
one pair (i./) ventrally situated, round, and opening into the sperm 
sacs, the other pair (u/) dorsally sitaa.ted with regard to the first, 
partly hidden by the projection into the sinus of the sperm sacs, of a 
somewbat crescentic form, and leading into the ureters (S 12S). 

XXVII. Remove all that is left of the rectum, and of that part of 

the cloaca anterior to the urinogenital sinus : slit open the 

sperm sacs along their ventral wall ; note 

125. The greenish epithelium lining the sperm sacs, and the greenish 
visdd fluid which lilla them, and which consists of semen luixed with 
the secretion of the sacs. 

126. A crescentic, Ihitlt-lipped aperture (Pig. i8, v.^, on the dorsal 
wall of each sperm sac, just within (anterior to) the opening of the sac 
into the urinogenital sinus : this aperture leads into the vos deferens. 

XXVIIX. Open the lower part of the vas deferens and note 

127. Its expansion posteriorly into a. chamber — a sort of veBicula 
seminalis (Fig. iS, v.s), which has its walls produced into laminse, 
dividing its cavity into a number of compartments ; at its posterior end 
this dilatation of the vos deferens opens into the sperm sac by the 
crescentic aperture already uoliced. 

XXIX. Carefully dissect one or both of the vasa 
deferentia from the siuTounding parts, and either 
remove it entirely or turn it over to one side. 
Make out 
128. The ureter (metanephric duct, Fig, iS, ur), a 
delicate, colourless tube, situated dose to the inner edge of 
each kidney; it is made up by lesser tubes proceeding from 
the several lobes of the kidney, and passes backwards to 
open into the urinogenital sinus by the slit-like aperture 
already noticed. 

lag. The inter-renal (Fig. 18, i.r), a long, irregular 
body of a yellow colour, lying just to the inner side of the 
ureter. 
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The true adrenals or supra-renal bodies are small yellow masses in 
connection with ihe sympathetic ganglia. 

130. The cardinal veins (Fig. 17, erf) lying lo the ventral dde of 
the ureters, receiving veins from the kidneys, uniling with one another 
posteriorly by a transverse anastomosis, and passing forwards to enter 
the cardinal sinus (g 109). 

131. The dorsal aorta (Fig. zo, d.ao), a delicate artery 
lying in the middle line between the kidneys, to which it 
sends branches, (See § 157}. 

XXX. Dissect away the skin from the ventral face of one of the 
pelvic fins, and make out 

132. The gland of the clasper, consisting of a large ovoidal sac 
with thick muscular walls, wTiich leads by a widish passage at its 
posterior end into the cavity of the clasper, and which receives the 
secretion of the gland itself. This is seen by cutting away the ventral 
wall of the sac lo consist of two lobes, with a longitudinal groove 
between Ihem, in which are the numerous papilliform terminations of 
the efferent ducts. 

In the female. 

XXXI. Turn over one of the oviducts and the corre- 
sponding half of the cloaca to the opposite side of 
the body, so as to expose one of the kidneys: 
dissect out — 

133. The ureters (Fig. 19 tir\ delicate tubes proceeding 
from the inner edge of the kidney : those coming from the 
anterior part of the gland pass backwards, those from its 
posterior part forwards, towards the dorsal wall of the 
urinary bladder, which they enter. 

134. A delicate thread proceeding forwards from each 
horn of the bilobed bladder, and presenting slight enlarge- 
ments at intervals : this is the parovarium (Fig. 19, mn.t\ 
the rudiment of the anterior part of the Wolffian body or 
mesonephros of the embryo, and answering to the parorchis 
in the male. 

XXXII. Remove the ventral wall of the urinary bladder, and oMc 
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Four minute apertures on each side of llie dorsal 
ly nhich the ureters open. 

136. The adrenals, inter-renals, dorsal aorta, and cardinal 
reins, which have the same relations as in the malc(§§ izg- 

Zn both s, 

XXXIII. Carefully dissect away the muscular tissue 
immediately anterior to the heart and between the 
two sets of gills, and mate out 

137. The synangium or bulbus arteriosus (Figs. 20 
and 21, i>.a), a white dilatation, connected with the anterior 
end of the conus arteriosus or pylangium (c.a, § S2), and 
giving off three vessels, one anteriorly, the ventral aorta 
{v.ai)), and one on each side, the posterior innominate 
arteries (p.iti). The ventral aorta passes forwards to the 
level of the anterior gill cavity, and there divides into two 
vessels, the anterior innominate arteries {«.;'«) which 
are given off at right angles to the ventral aorta, one on 
either side. Each anterior innominate artery soon divides 
into two trunks, each posterior innominate into three ; these 
five vessels are 

138. The afferent branchial vessels (Figs, so and ar, 
a.br: 1 — g), each of which goes to one of the plates by 
which the gill cavities are separated from one another, passes 
from the ventral to the dorsal extremity of the plate, external 
to the branchial arch (see § 166), and gives off branches to 
the gill filaments. 

139. The b^pobrancbiEil artery (Pigs. 3a tmd2i, hy.br), r>a>maz 
ontero-po^teriorly, just intemaJ to the gilLi, and crossing the afferent 
branchial arteries ; it springs from the brachial artery [g 157), amistomoses 
with the efferent branchial arteries (§ 156), and, besides supplying the 
tissue ofthegills, sends off an anterior coronary artery (Figs. 20 and 
21, a.!ii) to the conus arterio.EUs and ventricle, and a posteiior 
coronary (/t.fo), to the sinus venosus. 




Fig. 20. — Raja nasuta. The arterial system, seen from 
aspect (one-third nat. size). 

The heart and ventral aorta {v.ao) are slightly displaced towards j 
right side (left in the Tigore) : the left afferent branchial arteries {da 
are removed, and the right efferent branchials (f.h-) : the leK dfed, 
bianchiaLs arc straightened out, so as ta bring their ventral ends ^M 
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cxtremG ri^t of the figure: the left hypobtanchial artery is also 
di^laced oatwards ; that of the right side (left in the Egure) [iy./zt) 
is drawn in sUu, 

tt.br. I, first, and a br, 5, last slferent bronchial artery : axo, [interior 
coronaiy artery : a.in, anterior innominate artery ; h.a, bolbus arterio- 
sus : br, brachial artery: c, caudal artery: c.a, conus arterioros : 
e.c, common carotid artery : cix, cceliac artery ; d^ duodenal artery : 
d.ao, dorsal aorta : e.bT. I, first, and e.ir. 9, last efferent branchial 
artery : e.c, external carotid artery : _/!«, artery to fronto-nasal process : 
; gastric artery: A, hepatic artery: iy, hyqidean artery; A^.6r, 
ypobranchial artery : i, intestinal artery 1 I'.r, internal carotid artery : 
, iiiac artery : i.m, inferior mesenteric artery : oin, artery to man- 
^dtble : n.ir, nntricnt arteries of the gi^lls ; od, ovidncal arteries : p.co, 
r coronary artery : p.in, posterior innominate artery : pn, 
■pancreatic arteries: r, renal arteries: J, artery to inout: s.cl, sub' 
Jdavian artery : s.ni, superior mesenteric artery; ifii, splenic artery : 
■;^f)m, spermatic artery ; v, ventricle : v.aa, ventral aorta : t/r, verteln^ 

140. The inferior jugular vein (Figs. 17 and 21, i.yu) situated in 
the dorsal wall uf the pericardium, necr its outer border : it brings 
blood from the floor of the month and pericardial Walls, and enters the 
precaval sinus (S I49, Figs. 17 and 21,/f.j). 




Fro. 21. — Raja nasota. Diagram of the heart and chief blood- 
vessels, from the left side (half nat. size). 

a.6r. I, first, and a.ir. 5, last afferent branchial artery ; a.ea, anterior 
coronary artery : au, auricle : ir.a, brachial or subclavian artery : 
dr.v, brachial vein : c.a, conns arteriosus ; iii, cardinal vein : d.ao, 
dorsal aorta ; e.ir. 1, first, and t.ir. % last eflferent branchial artery : 
A.l, hepatic sinus ; ky, hyoidean artery ; hy.br, hypo -branchial artery : 
(,/«, inferior jugular vein : Ju, jugular "sein : n.br, nutrient arteries of 
the gills! p.co, posterior coronary artery; fe.s, precaval sinus: s.v, 
sinus venosns : v, ventricle : ti,ao, ventral aorta. 



141- The thyroid gland, a flattened rounded body, of 
a deep red colour, situated immediately in front of the 
anterior end of the ventral aorta. 

XXXrV. Cut Uirongh the ventral aorta and poslerior innominate 

arteries clo^e to the bulbus arteriosus, and turn tlie heart 

bactwards, so as to expose the pericardial cavity. Note 

142. An apetlure in (lie centre of the posterior dorsal region of the 

pericardium : by passing a probe into this it will be found to lead into 

a fimnel-shaped cavity which soon divides into two membranous canals. 

These — the pericardio-peritoneal canalB— pass backwards along the 

ventral wall of the gullet, and open each by a widish aperture, thus 

placing the pericardium in communication uith the peritoneal cavity. 

XXXV. Remove the heart entirely, by cutting through 
both ends of the sinus venosus and the membrane 
by which it is nnited to the pericardium: make 
out carefully the relations of the various parts of 
the heart {§ 82), then cut open, first the anricle and 
sinus venosus from the dorsal side, and afterwards 
the ventricle aud conus arteriosus from the ventral 
side. Make out 

143. The thin, smooth walls of the sinus venosus. 

144. The thin walls of the auricle, strengthened by a 
complicated network of muscular fibres, the muscult 
pectinati. 

145. The large sinu-auricular aperture guarded by 
the two membranous flaps of the sinu-auricular valve. 

146. The circular auriculo-ventricular aperture. 
guarded by the two long flaps of the auriculo-ventricular 
valve, which are attached round the margins of the aper- 
ture, and hang down into tlie ventricle. 

147. The small, horseshoe-shaped cavity of the ventricle, 
and its immensely thick walls, strengthened internally by 
muscular ridges or columnse cameEe. 

14S. The three longitudinal rows of aortic valves in 
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the conus arteriosus, each row containing five somewhat 
semilunar flaps, opening towards the synangium. 

XXXVI, Pass a prolie, directed outwards and backwards, into 
■ either of the cut ends of the sinus venosus ; carefully cut away 

^B the cartilage of the shoulder girdle and otber tissues until the 

^H end of the probe is brought into view : it will be found to 

1^ have passed into 

149. A small chamber, the precaval sinus (Figs. 17 andar./f.i), 
situated in the antero-lateral ajigle of the abdominal cavity. In its 
wall are several apertures ; one, situated antero-inlemally, istheopening 
of the jugular vein (;b), by which, the blood is returned from the 
head : another, post ero- internal in pasition, is the opening of the 
cardinal vein (cd) already seen ; a third, on the ventral wall of the 
sinus, puts it in communication nith the hepatic sintls (^.j) : a fourth, 
at its anterior end, leads into the BinuB venosus {i.v) ; a fifth, very 
small, just internal to the last, into the inferior jugular vein [i.ju) : a 
sixth, on the outer wall, into the brachial vein (ir) and lastly, in 
the middle of the dorsal wall, is a transverse aperture, guarded by two 
valves, by which the contents of the chief lymphatic trunk (Fig. 17, 
fy) are poured into the sinus. 

150. A sympathetic ganglion (see g 220), a whitish elongated body 
about a qnarter of an inch long, will be found immediately outside the 

tinner wall of the sinus. 
I XXXVII. Cut away the remainder of the ventral 
' portion of the shoulder girdle, and cut through 

i the floor of the mouth, by making an incision a 

' little to one side of the median line so as not to 

' injure the ventral aorla, through the ossophagtis 

and basibranchial plates (see § 41), and through 
I both jaws. Fasten back the two halves of the 

I mouth-floor thus separated, so as to expose the 

whole oral cavity from beneath. Note 

151. The internal branchial clefts, five long vertical 
fissiu-es, by which the gill pouches communicate with the 
cavity of the mouth. 

152. The openin;; of the spiracle into flie mouth, just in 
front of the first gill cleft. 




153- 'f'he curved hard bars which separate the gill 
from one another : these are the branchial arches. 

154. A similar hard bar of cartilage separating the spi 
from t!ie first gill cleft : this is the hyoid arch. 

155. The relations of the branchial filaments to the bi 
chial arches : there is a set of filaments on both the anterii 
and posterior walls of all the gill cavities except the last, the 
posterior wall of which is devoid of filaments. Thus there 
are nine sets of filaments or half-gills in all, one of which 
occurs on the posterior face of the hyoid arch, and one on 
each face of each of the first four branchial arches, the fifth 
branchial arch being without filaments. 

XXXVIII. Carefully dissect away the mucous mem- 
brane from the roof of the mo\ith ; remove the 
dorsal ends of the gill arches or pharyngo-bi 
chials ; and follow out 

156. The efferent branchial arteries (Figs, ao 
21, e.br. 1^9), of which there are nine, one for each d< 
branch : after leaving the dorsal ends of the gills they ui 
with one another in pairs, that from the hyoidean di 
branch uniting with that from the anterior dcmibranch 
the first branchial arch, that from the posterior demibranch 
of the first with that from the anterior demibranch of tlie 
second branchial arch, and so on. Four trunks are thus 
formed, the last of which receives the vessel from the 
posterior demibranch of the fourth branchial arch, and the 
first two of which soon unite with one another, so that there 
are now three main efferent branchial trunks on each 
side. These take a direction inwards and backwards. The 
most anterior of the three pairs unite with one another in 
the middle line and form a short trunk : with this the next 
pair unite and prbduce a somewhat larger trunk, with which, 
finally, the third pair join. The longitudinal vessel thus 
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fonned by the union of the efferent branchial trunks is the 
dorsal aorta (§ 157). 

The efferent branchial arteries unite with one another in the vay 
described at their ventral as well as at their dorsal ends, thus formiag 
complete loops, the spaces enclosed by which correspond to the bran- 
chial clefts. The two arteries of eacli complete gill are united with one 
another b; a cross branch at about the middle of their lenjjth ; it is 
Ihrough this anastomotic brajich of tbe last gill that the ninth efferent 
artery {t.ir. ^) pours its blood into the eighth. From the junction of 
the third and fourth and of the fifth and sixth arteries, short anastonwtic 
branches go off to the hypobranchial artery (§ 139). 

157. The dorsal aorta (Figs. 20 and 21, d.ac>), passing 
along the ventral face of the vertebral column : it gives off, 
just before being joined by the third pair of efferent branchial 
trunks, a large vessel from each side, which passes directly 
outwards to the pectoral fin : this is the brachial or sub- 
clavian artery (Fig. 20, s.cl. Fig. ai, br.a). The aorta 
then passes backwards in close contact with tlie verte- 
bral column to the posterior extremity of the abdominal 
cavity, giving off at about the level of the shoulder 
girdle two large vessels, the coeliac (Fig. 20, cce), and 
superior mesenteric {i.in) arteries (§§ 100 and loi), 
then the arteries to the oviducts (erf) or epididymes, sper- 
matic arteries {spm) to the testes or ovaries, a single 
inferior mesenteric artery {i.m), (g loi), the numer- 
ous small renal arteries (r) to the kidneys, and vessels to 
the pelvic fins and the parietes of the body. At the end of 
the abdominal cavity the dorsal aorta becomes the caudal 
artery (t), which passes through the h^uial arches of the 
caudal vertebrse (Fig. 10, hcs) to the end of the tail. 

158. The caudal vein (Fig. 17, e), running parallel and ventral 
to the caudal artery : on leaving the hosmal canal it divides into the two 
renal portal veins {rj}), which pass to and ramify in the corre- 
sponding kidneys {r/') receiving numerous veins (r^) from the pelvic 
and lumbar regions. 
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159. The femoral veins {Fig. 17, fm) bringing Ihe blood from 
pelvic Qns : eadi divides into two trunks : one, the ilia-hserooirboido] 
vein ()7-A), passes at firut backwards and inwiirds, then fom ardsi 
along Ihe lateral surface of the reclum and cloaca, and opening tinallj 
into a posterior prolongation of the cardinal sinus ; the second of the 
two veins into which the femacal divides is the epigastric veinj 
yPS) ! ■' passes almost directly forward along the lateral wall of tha 
abdominal cavity, receiving veins from the abdominal walls {ah), 
finally onites with the brachial vein {hr). 

It will be seen from Fig. 17, that the brachial, epigastric and ilio- 
luemorrhoidal veins really form one continuous trunk, opening anleriail5 
into the precaval, posteriorly into the cardinal sinus, and receiving vein 
from the pectoral and pelvic iins, the abdominal walls, and the recton 
and cloaca. The anterior portion of the epigastric should probably bi 
considered as representing the mammary vein of mammals, the twi 
being continnous instead of merely anastomosing. 

160. The common carotid artery (Fig. 20, c.c), a small vess« 
springing from the efferent branchial vessel of the hyoid arch : it lirst 
passes somewhat inwards, and then directly forwards near tb 
edge of the base of the skull, sending a branch inwards — the ii 
carotid artery (c'.f) — which uniles with its fellow of the opposite sidi 
to form an aiygos trunk which perforates the base of the skull a 
distributed to the brain, especially to the pituitary body and si 
vasculosus (g§ 176 and 177) r the external carotid {e.c) then passer 
forwards and slightly outwards, ajid sends branches to the jaw% 
snont, &c. 

161. The vertebral artery (Fig, 20, vr), a small trunk arising b 
the first of the three efferent branchial trunks : it passes inwaida a 
slightly forwards, perforates the base of the anterior vertebral p 
(S 3)1 ^md is distributed to the "brain and spinal cord, on 
surface of which it forms, with its fellow, a plexus. 

162. A small byoidean artety (Fig. 20, hy) given oEf from 1 
Urst efferent branchial : it passes to Ihe dorsal side of the hyoman 
bular and sends a branch to tbe pseudobranchia, 

XXXIX, Remove two of the gills and make out, 
one by disst-clioti, in the other by transverse 
sections 

163. The cartilaginous branchial arch which supports 
the inner edge of the gill. 
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164. The fibrous partition continued from the outer face 
of the branchial arch, and supported by the cartilaginous 
branchial rays. 

165. The soft vascular branchial filaments covering 
both sides of the partition, to which tliey are firmly connected 
along almost their whole length, their outer extremities only 
being fr&. 

166. The afferent branchial artery, running along Ihe outer face of 
the braochiat arch, in ihe middle line : it U of considerable size at the 
Ventral end of the gill, but Ei'»'l"'>l'y diminishea towards its dorsal 



167. The efferent branchial arteries, two trunks smaller than the 
BseJ, and running along the Lateral edges of tbe arch, at the 

bases of the rows of filnments. They are of considerable size at the 
dorsal end of the arch, and diminL'^h somewhat towards its ventral 

168. The thymus glands are exposed by the removal of the gills : 

rli is a whitish body, about an inch long, lyi::g immediately dorsal 
the pharyago-branchials. 
XX.. It IS advisable to take a fresh skate for the nervous 
system, at least unless the subject used for the 
foregoing work has been well preserved in strong 
spirit. The viscera, with the exception of the 
kidneys and vasa deferentia, may be removed at 

Expose the brain and anterior part of the spinal coril, 
as directed in § XV., p. 46. If a preserved brain is 
not available, the verification of the description of 
the ventral surface must be left until the origins of 
have been made out (§§ 179 — i8g) when 
the brain may be remove d. Observe the following : — 




r 
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i6g. The Spinal cord (Fig. 22, my) lying in the neui 
canal 0/ the vertebral column, and, at the junction of tin 
latter with the skull, passing insensibly into the brain. It is 
divided into a pair of dorsal and a i>air of ventral 
columns by deep dorsal and ventral fissures, and 
is traversed through its centre by the minute central 
canal. 

170. The medulla oblongata or myelencephalon 
(Figs. 22—25, '"■")' ^^^ hindmost division of the brain : 
passing forwards from its junction with the spinal cord, it 
undergoes a gradual increase in diameter, and is pro3uced 
dorsally, on each side, into a greatly convoluted body, the 
corpus restiforme (Fig. 22, c.r). Both dorsal and 
ventral surfaces of the medulla are marked with obscure 
median grooves, continuous respectively ivith the dorsal and 
ventral fissures of the spinal cord ; the dorsal groove separates 
the dorsal pyramids, the ventral groove the ventral 
pyramids of the medulla. 

171. The cerebellum (Figs. 22, 24, 25, (*), a naedian 
structure, situated to the dorsal side of the myelencephalon, 
and composed of two distinct lobes, a posterior, having the 
form of an isosceles triangle with the apex directed back- 
wards, situated between the restiform bodies, and a squarish 
anterior, partly overlapping the optic lobes (§ 173), Both 
lobes are marked on the surface by ridges (gyri) with inter- 
vening depressions (sulci). 

172. A small transparent area behind the cerebellum 
(Fig. 2i, V. 4), roofing over the fourth ventricle (§ 180). 

173. The mesencephalon (Figs. 22 — 25, e.l, c.c) con- 
sisting on the upper surface of the two optic lobes 
(c/), ovoidal bodies, lying just in front of, and partly 
overlapped by the cerebellum. The under surface of the 
mesencephalon is formed by the crura cerebri U.c 




On Ihe left side the and, stt, and 7th — lolb cerebrd norves are 
removed, and on Ihe right side the 3rd, 4lh, and 6lh. The spinal 
> are ihawa only on Ihe left side : the dislal end of the lefl 
olfactory lobe is not ^own. 

Central Nervous Systein. my, spinal cord : m.o, medulla 
iblongala x u, 4, fourth ventricle : e.r, cnrpora restiformia : li, cere- 
bellum : 0.1, optic lobes : lA, tbabunen-cephalon : c. h, prosencephalon : 
elf, olfactory lobes. 

Nerves. /, olfactory : //, optic 1 IJI, oculomotor ! i.r, branch of 
oculomotor to inlemal rectus ; j.r, la superior rectus ; il.r, to in- 
ferior rectus: i.o, to inferior oblique: IV, paliieticns: f", donal, 
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and J"*', ventral ramus of F' orbilo-nasal nerve: f"*, paJalo-nasal 
nerve : V''', maiillary nerve = f ^ mandibular nerve : Vn\ palatine 
brancli of porlio dun : I '//*', hyomandibolar branch : c./y, chorda 
lympmi ; VIII, anditory nerve i IX, glossopharyngeal nffve : X, vagus: 
ky, branch of gtossophaiyngeal to hjoid arch : hr. I, branches of 
glo^ophniyngeal and vagus la ist bnjicluat arch: br. z, hr. 3, br. 4, 
branches of vagus lo ini^ 3rd, and 41h branchial arches : v, ventral 
((^^tric and cardiac) branch of vagus : /, lateral branch df vagus 
brachial plexus. 

forward continuations of the ventral pyramids of 
medulla oblongata. 

174. The thalamencephalon (Figs, za, 24, 25, 6i] 
small division of the brain just anterior to the optic lol 
it consists of two lateral masses of nervous matter, 
thalanni optici, between which is a space, covered only 
by pia mater, the thalamocCEle or third ventricle (v. 3). 

175. The lobi inferiores (Figs. 23 — 25, ^-i) paired 
ovoidal bodies on the under surface of the thalamencephaloa 

176. The pituitary body or hypophysis cerebri 
(Figs. 23^25, pi), a rounded structure on the ventral 
surface of the brain, behind the lobi inferiores and attached 
to a backward prolongation of the thalaniencephalon called 
the infundibulum ; with it is connected anteriorly the 
median artery formed by the union of the two internal 
carotids (§ 160). 

177. The saccus vasculosus (Figs. 23 — 25, s.v, s.tf). 
a thin-walled hollow body, consisting of three lobes, two 
large and paired, situated one on cither side between the 
pituitary body and the lobi inferiores, and a median azygos 
lobe lying in the groove between the lobi inferiores. 

i?S. The prosencephalon (Figs. 22 — 25, c.h), a large 
transversely elongated mass, in front of the thalamen- 
cephalon and representing the fused cerebral hemispheres. 

179. The olfactory lobes (Figs. 22—25, J)> two long, 
nerve-like bodies, given off from the antero-lateral angles 
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of the prosencephalon, and passing forwards and slightly 
outwards to the olfactory foramina (g 32). Their further 
course will be seen at a later stage (§ 206). 

180. By lifting up or removing the cerebellum, the 
whole extent of the fourth ventricle or myeloccele 
(Figs. J3 and 24, v. 4) is seen : viewed from above it has a 
triangular shape, the base being forwards, and the apex 
(calamus scriptorius) backwards, as already seen. 



k 




FlC. zj.— Raj« batis. The Vain frum beneath (hair nat. uze). 

OnJy Ibe proiiioal portioni of the oUajiloiy iobes are shown. 

iM.i), medulla oMongalx : ^, pitailfrf body : /.», laccm vucuIobis : 
/./, lobi iD&riores : i^, inlemil carotid artery : «rf-, optic rhiB«m« : <.A, 
prosencephalon : / — X, cerebra] nerves. 

i8r. By carefully cutting away the optic lobes, the fourth 
ventride is seen to be continuous with a cavity- in thi^ 
mesencephalon, the aqueduct of Sylvius or mesocoele 
(Fig. 24, a^. /), which sends lateral prolongations into the 
optic lobes. Anteriorly the mescKxele is seen to be con- 
tinuous with the ihalamoccele (r. 3). 

182. By cutting into the prosencephalon, it is seen to be 
4olid, lateral ventricles (proso<:<Ele8) being absent. 

183. From the under surface of the thalamencephalon 
aiisethetwo large optic (secoodoerebral) nerves (Figs. 22. 



23i and 25, //) ; iheir proximal ends are fused together to 
form an optic chiasma {Fig. 23, o.c). Each nerve 
passes outwards and forwards to the corresponding opS 
foramen (5 30). 



Fig. 24.— Raja batia. i-oogimdioal verlical section of tlie b 
(lialf nat. size). 

m.o, medulla oblongata ; v. 4, fourth ventricle : ti, cerebe 
c.f, eras cerebri; o.l, optic ]obe : aq.s, aquetlnct of Sylvin: . 
thahjnencephalon : v. 3, third ventricle; Li, lobus inferior: 
prosencephalon. 

184. The third pair of nerves (oculomotores, Fi^. | 
23, aSi ///)i arising one on either side of the base of q 
brain from tiie crura cerebri, a little behind the lobi ii^ 
riores, and passing outwards and forwards to their forar 
in the side walls of the skull (§ 30), 



Fig. 25. — Raja batis. Side view of the brain (half nat. size). 

OT.i', medulla oblongata: <:*, cerebellum; i.c, internal carotid strtfa 
e.t, optic lobe ; /i, piluilary body; sjv, s.j/, saccas vasculusus M 
thalamencephalon ; C.A, prosencephalon ; /— Jf, cerebral oe 

185. The fourth pair of nerves {pathetici, Figs. 22, 23, 
25, IV), delicate threads which proceed from beneath the 
antero-Iateral regions of the cerebellum, outwards and 
forwards to their foramina in the side walls of the skuU 
(S 30)- 



i8i5, Two large bundles of nerves proceeding one from 
either side of the medulla oblongata, beneath the restiforni 



Fig. 26. — Raja nasuta. Externa! view of Ihe roots of the 51h, 7tli. 
and 8th cerebral nerves of the left side (nal. ike). 

V*, V, ventral or anterior rools of llie trigeminal: V'', dorsal or 
posterior root of the same : V/f, VII', roots of the portio dura : VIII, 
root of the auditory nerve. 

bodies. Each bundle is seen to consist of an anterior 
smaller and a posterior larger fasciculus. The former (Figs. 
z6, and 27 V") goes to form the inferior ramus of the 




Fto. 27. — Raja nasuta. Tbe princiDal brandies of the 5th, 'jib, and 
8th cerela^ nerves (nat. size). 

f'», ventral and !"•, dorsal root of tlie fifth: F", dorsal, and r* 
ventral ramos of Ihe orbito-nasal nerve: V, palato-nasal nerve : V", 
maxillBry nerve : f, majidibnlar nerve ; //.?«, nerve to npper jaw ; 
HO, nerves to the r^ion of the noEtriU : V/I, ponio dura : V/II, 
auditory nerve. 

first division of the fifth nerve, and the main part of its 
third division, besides contributing fibres to the second 



the reniaini^^l 

lerves, ^W 



division : the latter ( f"', VII, VJIT) contains 

of the fifth, the seventh, and the eighth nerves. 

The fifth, sevemh, and eighth nerves arise altogether by seven roots. 
Two of these, a smaller dorsal (Fig. 25, V-') and a larger ventra] ( V^) 
go (Q form ihe anterior fasciculusalready mentioned, botharisingvenlro- 
laterally from the medulla. The five roots forming (he posterior fasa- 
culns divide naturally iuto an anterior and a posterior set The aateriot 
set conEists of two roots, a dorsal ( VIJ) and a ventral ( Vll"), together 
forming the seventh nerve : the posterior set consists of three ri)Ots, a. 
dorsal (f""), arising along with the dorsal root of the seventh, and two 
ventral, arising close together : the uppermost ventral root unites 
immediately with the dorsal root to form the remainder of the fifth 
nerve (F") : the lowermost ventral root (C///) constitutes the eighth 



187. The sixth pair {abducentes, Figs. 22 and 2^, VI) 
arise from the under surface of the medulla oblongata, 
internal to the eighth. They arc very fine nerves, and are 
easily detached with the pia mater. 

188. The ninth pair (glossopharyngci, Figs. 22, 23, 
25, /A'), a small pair arising from the sides of the medulla 
oblongata, and passing outwards and forwards to enter the au- 
ditory capsule at about the centre of its inner surface (5 33). 

189. The tenth pair (vagi or pncumogastrici. Figs, 22, 
23, 25, X), arise by several roots from the lateral regions 
of the hinder part of the medulla oblongata, and pass out- 
wards and backwards to leave the cranial cavity by a foramen 
in the posterior part of the inner surface of the auditory 
capsule (§ 33). 

XLI. Remove the skin from the dorsal surface of the 
head, on both sides of the cranial cavity, and by 
carefully dissecting away the connective tissue 
from the eye and surrounding parts, make out 

190. The dorsal ramus of the orbi to-nasal nerve (first 
division of the fifth, Figs, 22 and 27, J"') lying close 
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against the outer side of the skull wall, and springing from 
the posterior dorsal root mentioned in § 186. 

igr. The superior oblique muscle of the eye, passing 
from its origin at the anterior part of the skull wall to its 
insertion in the antero-superior region of the eye-hall. 

igz. The superior rectus muscle, arising from the 
skull wall, a little in front of the auditory capsule, and 
passing to its insertion on the postero-superior region of the 
eye-ball. 

193. The internal rectus, arising immediately in front 
of the superior rectus and passing to the front part of the 
eye-ball, beneath the superior oblique, 

194. The external rectus, arising just behind the 
superior rectus and passing almost directly outwards to the 
posterior region of the eye-ball. 

195. The fourth nerve (Fig. 23, IV), leaving the skull 
by its numerous foramina, and spreading out in a fan-like 
manner on the dorsal surface of the superior oblique 

196. The third nerve (Fig. 22, III), which, after leav- 
ing the skuil, sends branches to the superior {s.r) and 
internal {i.r) recti, and then curves round the posterior 
edge of the former : its further couree will be seen at a 
later stage (§ 203). 

197. The sixth nerve (Fig. as, VI), leaving the skull 
along with the fifth and seventh, and being distributed to 
the external rectus muscle, 

XLII. Remove the superior oblique and the superior 
and external recti. Make out 

198. The ventral ramus of the orbico-nasal nerve 
(Figs. 22 and 27, V'^) springing from the anterior fasciculus 
mentioned in S 186 : after leaving the skull by the trigeminal 
foramen, it passes over the external rectus, under the 



superior and internal recti, over the pedancle of the eye 
{§ 200) and the optic nerve (§ 199), under the superior 
oblique, and finally uniles with the dorsal ramus as it 
perforates the nasal capsule (§ 205). 

199. The Optic nerve (Fig. 22, //), which, after leaving 
the skull, passes almost directly outwards to the hinder 
region of the eye-ball. Its extra-cranial portion is invested 
with a stron{;ly pigmented sheath. 

200. The ophthalmic peduncle, an irregular stalk of 
cartilage, articulated at its proximal end with the skull wall 
behind the optic foramen, and at its distal end with a knob 
on the sclerotic coat of the eye. 

201. The inferior oblique muscle of the eye„ninning 
parallel with the superior oblique, to the anteroinferior 
region of the eye. 

202. The inferior rectus, arising with the other recti, 
and passing parallel with the superior rectus to its insertion 
on the inferior region of the sclerotic 

203. The remaining course of the third nerve {Fig, 22, 
III): after curving round the superior rectus, it passes 
forwards and sends branches to the inferior rectus {tt.r) and 
inferior oblique (i.o). 

XLIII. Remove successive slices from the nasal cap- 
sule, until the following structures are brought into 
view. 

204. The strongly pigmented nasal sac, filling up the 
cavity of the nasal capsule. 

205. The orbito-nasal nerve {Fig. 22, K'} which, just 
before the junction of its two rami, enters the nasal capsule, 
and divides into two branches, a large one which passes 
along the outer edge of the rostrum, and a smaJl odgi' 
which passes outwards and forwards over the roof of tin, 
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ao6. The distal ends of the olfaclory lobes (Fig. 22, olf), 
each forming a slightly convex white band on the dorsal 
surface of the corresponding nasal sac. 

XLIV. Remove one of the nasal sacs, and note 

207. Its cup-like form, the cavity being open below. 

208. The ridges into which its lining of mucous mem- 
brane is raised: they are arranged in two rows at riglit 
angles to a central tidge. 

XLV, Remove the eye with its remaining muscles, and 
set it aside for future examination.' Dissect out 

209. The second division of the fifth nerve (Figs. 22and27, 
F'), arising mainly from the posterior fasciculus mentioned 
in g 186, but also receiving fibres from the anterior fascicu- 
lus : it passes forwards and slightly outwards, and divides 
into two chief branches, an internal, the palato-nasal 
nerve (f") and an externa!, the maxillary nerve {V'^) 
the former passing directly forwards alongside the cranial 
wall and beneath the eye muscles, and the latter passing 
outwards and forwards towards the antorbital cartilage 
(5 35). 

210. The third division of the fifth, or mandibular 
nerve ( f '), arising mainly from the anterior, but receiving 
fibres from the posterior fasciculus : it runs parallel with the 
common trunk of the second division as far as the biliircation 
of the latter, and then takes a course internal to and nearly 
parallel with the maxillary nerve. 

The three divisions of the fifth nerve supply between ihem all ihe 
anterior part of the head : the orbito-nasal goes to the dorsal region of 
the roEtnun and i^asal capsule, and to the gelatinous tissue in their 
neighbourhood! the iialato-nasal to the ventral region of the same parts, 
xis well as, to the frouto-nasal process and the nostrils; it also sends 

' The eye must be disaecled in the freinh condition : for directions see 
g UI., p. 8+ 
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fibres (a the upper jaw ; the main part of the mandibular nerve goes to 
the sensory tubes Li front of the untorbital cartilage : Ibc mandibular 
goes to the lower jaw {outer side), bul also sends a large branch ta the 
upper jaw. There is, however, endless variation in the distribution of 

XLVI. Carefully slice away the cartilage forming the 
Toof of the auditory capsule, taking care not to 
injure the membranous labyrinth (§ 213); dissect 
away the connective tissue, &c,, from the liyo- 
mandibular, and the muscles on the floor of the 
orbit, making out 
zir. The hyomandibular nerve, or posterior branch 
of the seventh {Fig. 22, VII''): after leaving the cranial 
cavity it curves round the anterior border of the auditory 
capsule, and passes almost directly outwards, over the 
hyomandibular cartilage and behind the jaw muscles, break- 
ing up at last into a number of fibres which are distributed 
to the large sensory tubes situated in front of the gilis. As 
the hyomandibular nerve passes the jaw muscles, it gives off 
two small branches {cly), which represent the chorda 
tympani of the higher animals, and are distributed to the 
inner surface of the lower jaw. 

212. Tlie palatine nerve {Fig. 22, VII'), or anterior 
division of the seventh, which- separates from the coinmon 
root of the seventh soon after its exit from the skull, passes 
in front of the spiracle, and breaks up into a number of 
branches, some of which are distributed to the mucous 
membrane of the mouth and others to the pseud obranchia. 

213. The membranous labyrinth {Fig. 28) or 
internal ear, a delicate apparatus enclosed within the auditorj 
capsule, and consisting of a large sac or vestibule 
and three semicircular canals, one of which 
and vertical {a.s.c), another posterior and vertical (^.j„ 
the third horizontal (k.s.c). 
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The vestibule is a rounded sac with two small diveiticnla, containing 
an otolithic mass which consists of minute calcareous partidcs bound 
ti:gether by gclatiiious connective tissue : from its dorsal surface pro- 
ceeds a canal, the aqucductus vestibuli [aq.f), which passes throtigb 
the roof of the auditory capsule, and dilates between lie latter and Ujc 
external int^ument into a small sac, lined with strongly jMgmented 
epithelium -, this opens on the surface of the head by a minute aperture. 
The canals form nearly complete circles, the posterior being the largest of 
the three. Each is dilated at one part of its course into an ampulla (a). 
The posterior canal communicates widi the vestibule in an unusual 
iminner, namely by a short dustinct tube (x). 

^B Fig. aS. — Raja batis. The right membranous labyrinth, seen from 
^^we outer side (nat. size). 

^ V, vestibule r aq.f, anueductus vestibuli; a.s.c, anterior, fi.s.c, 
posterior, and h.s.c, horizontal semidrcular canals : a,a,a, ampulla; ; 
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XLVII. Clear away the akin and muscles from the 
dorsal surface of the anterior vertebral plate and 
from that of the gills. Dissect out 
214. The vagua or tenth nerve (Fig. 22, X), which, after 
leaving the skull by the vagus foramen, passes directly back- 
wards between the inner boundaries of the gills and the 
lateral ridge of the anterior vertebral plate, giving off the 
branchial nerves as it goes, to the front edge of the pro- 
pterygium, where it divides into two chief branches, a ventral 
branch {X,v), to the stomach and heart, and a lateral branch 
(.y,/), which passes between the peritoneum and dorsal 
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muscles, on the dorsal side of the spinal rervc; (§ 222). 
The branchial nerves {br. 2 — 5) are four in number, and 
are given off opposite the four posterior gill clefts. Each 
one, soon after leaving the vagus divides into two branches, 
one of which goes to the posterior face of the gill in front of 
the cleft to which it belongs, the other to the anterior face of 
the gill next behind. In this way all the gill filaments 
except those on the posterior face of the hyoid and those on 
the anterior face of the first branchial arch (first and second 
demibranchs} are supplied. 

215. The glossopharyngeal or ninth nerve (Fig. 22, 
IX), seen emerging from its foramen, in front of the anterior 
branchial branch of the vagus : it divides above the first gill 
cleft and supplies the hyoid half-gill and the anterior half- 
gill of the first branchial arch {hy, br.i). 

a 16. The brachial plexus (Fig, 22, 6r), lying in the 
depression between the median and lateral ridges of the 
anterior vertebral plate, and formed by the convergence and 
subsequent union of the first sixteen or eighteen spinal 
nerves : the common trunk thus formed turns round the 
posterior edge of the lateral ridge, and passes outwards 
behind the propterygium to the pectoral fin. Each spinal 
nerve arises by two roots, a dorsal (Fig. 11, d,r) and a 
ventral (v.r), the former having a ganglionic enlargement; 
the two pass separately through the wall of the neural canal 
(see §§ 8, 10) and unite outside it in the trunk {/r) of the 
nerve. 

XLVIII. Remove carefully the greater part of the 
membranous labyrinth, cut away the walls of the 
auditory capsule, and make out 

217. The auditor/ or eighth nerve (Fig. 2a, V7//), 
entering the capsule at its anterior end through the in- 
ternal auditory meatus, and passing backwards, sends off 
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branches to the vestibule and ampuUje of the semicircular 
canals (Fig, 28, «). 

21S. The course of the ninth nerve through the capsule 
(Fig. 2z, JX) : it enters the latter by an aperture in about 
the middle of its anterior wall, passes backwards and out- 
wards nearly parallel with the eighth and leaves the capsule 
in its postero-external region by an aperture already noticed 
in the skull (§ 25). 

2ig. The course of the vagus through the auditory 
capsule (Fig, 22, X): leaving the cranial cavity it passes 
through a canal excavated in the postero-internal wall of the 
capsule, the outer end of the canal being the vagus foramen 
(see §§ 24, 33). 

XLtX. Place tlie fish in the supine position, lind the targe 
sympathetic ganglion mentioned la % 1 50, and trace bock 
220. The Bympathetic nerve, which consists of a longitudinal cord 
on each side of tlie verteliral column, presenting ganglia at intervals, 
and connected by lami communicantes to the spinal nerves. As 
already mentioned, the adrenals or supra-renal bodies are in tulimate 
connection with tlie sympathetic ganglia. 

L, Dissect away the kidneys and the peritoneum 
from the dorsal wall of the abdominal cavity, 
and note 

221, The spinal nerves, passing to the body walls and 
fins : many of them converge, and exhibit a tendency to the 
formation of plexuses. 

222. The lateral branch of the pneumogastric {Fig. 22, 
X,l), a longitudinal nerve, lying to the dorsal side of the 
spinal nerves. 

LI. Make a longitudinal vertical section of a brain 
hardened in spirit, and note 
. The relations of the various divisions of the brain 
Jready seen, and of the cavities they contain (Fig. 24) : the 
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latter are seen to form a continuous series, from the 
myeloccele (v. 4), which is continued behind into the central 
canal of the spinal cord, through the mesoccele {a^.s) to the 
thalamoccele {v. 3). The latter is further seen to send a 
small prolongation forwards into the otherwise solid pros- 
encephalon, and another downwards and backwards into the 
infundibulum. 

LII. Make out (he chief structures in the eye, firel 
viewing from the outside, then removing successively 
the sclerotic (5 224), choroid (§ 225) and retina 
(g 227) from the flattened dorsal surface. 
224. The cartilaginous sclerotic or outer covering of the 
eye-ball : externally it passes into the transparent fibrous 
cornea, which is the part exposed to view in the entire 1 
animal : internally, the sclerotic is pierced by a small aperture 
for the passage of the optic nerve, and is raised into a kaob- 
like prominence for articulation with the ophthalmic 
peduncle (5 200). 

82$. The black choroid lining the sclerotic: at the 
junction of the latter with the cornea, it passes into the iris, 
the coloured (yellow and black) part of the eye, seen from 
the outside through the transparent cornea. The iris is 
pierced by a central aperture, the pupil, the upper margin 
of which is produced into a sort of curtain, divided at 
its free edge into several processes. Between the iris 
and the cornea is a space, the anterior chamber 
of the eye, filled with a watery fluid, the aqueous 
humour. 

aa6. The crystalline lens, anearlyglobular transparenl 
body, situated immediately behind the iris, 

227. The retina, a delicate, greyish-white membrane 
lying immediately within the choroid, from which 
readily detached except at the place of entrance of the optic 
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nerve. Externally (/>. towards the cornea) it ends at the 
junction of the choroid and iris. 

228. The vitreous humour, a gelatinous substance^ fill- 
ing the whole posterior chamber of the eye, or space 
enclosed between the retina and the inner surface of the 
lens and iris. 



THE COD. 

The Codfish {Gadus morrhua). 
The Whiting {G. merlangus). 
The Haddock {G. sgkfinus).^ 



A.— THE SKELETON. 

A cod's skeleton is readily prepared by placing the 
fish, after removal of the viscera, into boiling 
water for a few minutes, and tbus stripping off 
the flesh and other soft parts. By this process tiie 
bones are obtained separate from one another, 
with the exception of those forming the brain -case, 
the liigh temperature causing gelatinization of the 
connective tissue which unites them. The bones 
should bo removed one by one and placed out in 
order, to dry, each being as far as possible identi- 
fied and its relations to surrounding bones deter- 
mined before removal. As this is a matter of 
considerable difficulty in the case of the bones of 
the head, it is advisable to prepare a second skull 

species of ihe genus Gadus hrou^i 
ices between Ihem are comparatiTdf 
unimporUnt («ecg3 S, iS, ig, 72, So, 85). 



I 



by carefully dissecting away the muscles, &c., 
while fresh, without either boilmg or maceration, 
the bones being kept togetlier in their natural 
position by their ligaments. Of this skull it is as 
well to make a longitu:dinal vertical section by 
sawing througii the brain-case a little to one side 
of the middle line and cutting through the mandi- 
bular and hyoidean symphyses (§§51 and 52) : from 
the worst side, the jaw apparatus should be removed 
from the brain-case by disarticulating the palatine 
(§ 46, Fig. 29, pa) and the hyomandibular {§ 40, 
Fig, 39, hm). In the first skull the bones of the 
brain-case may be separated from one another by 
boiling for a considerable time and then gently 
pulling them asunder. 

It is advisable to examine the second or entire skull 
before drying, so as to see its cartilaginous 
portions {§§ 47. 49. &c.)-^ 

II. In the skeleton as a whole note the following 
regions : — 
I, The vertebral column, consisting of {a) trunk 
vertebras, bearing movable ribs which do rot unite 

' Giving to the small amount of cartil^e left in the adult cod's sk-oll, 
the banner will find some difficulty in seeing the relation between it 
and that of the skate. A useful intermediale type is furnished by the 
sa.linon or trout, in which there is a cartilaginous brain. case, quite 
readily comparable with thai of the skate but containing the occipital 
and otic bones, basi- and pre-sphenoid, as endogenous ossifications : the 
remaining homologues of the bones of the cod's brain-case {parietals, 
fcontaU, paiasphenoid, vomer, &c.) arc seen to be membrane bones, 
easily detachable without injury to the cartilage (see Firlter and 
Bettany, Morjiiolcgy of the Skull, p. 66). The skull of the salmon 
or tront should be prepared like that of the cod, tiy h iling , the brain 
cnse, Meckel's cartilages, &c., may be preserved by tlie gljcenne jelly 
process, described on p. i. 



'inplete infei^H 
i-case, formed 



below, and (/') caudal vertebree, with complete 
arches. 

3. The skull, consisting of (a) the brain- 
of a number of bones firmly united by suture ; (6) a num- 
ber of more or less loosely attached bones, in relation 
with the brain-case, and constituting the skeleton of the 
upper and lower jaws and suspensorium, the hyoidean ap- 
paratus or tongue-bones, and the gill-covers ; and (c) the 
branchial arches or bony framework which supports 
the gills. 

3. The bones of the median fins, namely, the three 
dorsal fins, the two anal fins, and the caudal fin 
(see § 94). 

4. The bones of the pectoral fins, or fore-limbs, and 
of the shoulder girdle to which they are attached 
(§ 9S). 

5. The bones of the pelvic fins, or hind-limbs, and 
of the hip-girdle to which they are attached (§ 96), 

III. Examine a vertebra from about the middle of the 
trunk region, and make out 

6. The centrum or body of the vertebra, a short bony 
cylinder with deeply concave anterior and posterior ends ; 
the bi-convex spaces between adjacent centra are filled ic the 
recent state by a gelatinous substance, the remains of the 
embryonic notochord. 

■j. The neural processes, two plates arising vertically 
one from each side of the upper surface of the centnun, 
near its anterior end, and unitmg with one another to fonn 
the neural arch, from the vertex of which the long slender 
neural spine springs and takes a direction upwards and 
slightly backwards. From the anterior edge of each neural 
process a somewhat triangular projection is continued 
forw.irds, and answers to the anterior zygapophysis of 



the higher vertebrata ; there is no true posterior zygapophy- 
sis, but from the hinder end of the centrum arises on each 
side a small vertical process, which fits outside the anterior 
zygapophysis of the vertebra next behind. 

8, The transverse processes, large outstanding 
plates of bone, which spring one from each side of the 
centrum, and pass outwards, downwards, and backwards. 



IV. In the rest of the trunk region, the following are 
the chief points to be verified : — 

9- In the first vertebra or atlas the centrum is very 
short firom before backwards, the neural spine is vertical, 
the transverse processes are absent, and the anterior zyga- 
pophyses are very large and come into relation with the 
posterior part of the skull (exoccipital bone, § 22) ; im- 
mediately beneath each zygapopTiysis is a small articular 
facet for articulation with a corresponding facet on the 
exoccipital. The union between the skull and the atlas is 
thus much more intimate than that between any two 
vertebra, and in consequence tlie atlas is, in preparation, 
often left attached to the skull. 

10. In the next three or four vertebras a gradual transition 
is seen between the characters of the atlas and those of 
the typical trunk vertebra described in §§ 6 — 8. 

ir. The transverse processes in the anterior part of the 
trunk region look almost directly outwards ; proceeding 
towards the caudal region, they gradually increase in size 
and come to look more and more downwards and back- 
wards, until in the last trunk vertebra they nearly meet. 

12. Between the ventral or proximal ends of contiguous 
neural arches, spaces are left : these are the intervertebral 




foramina ; they serve for the transmission of the 
nerves. 

13. The ribs, slender, flattened bones, articulated 
distal ends of the transverse processes and curving ou 
and downwards. 

14. The inter-muscular bones, shorter and sle 
than the ribs, but otherwise resembhng them ; they are 
lated one to each transverse process on its dors; 
and a short distance from its distal end, and curve u] 
and outwards. 

V. In the caudal vertebra note 

15. The hEcmal arch, formed by the union . 
middle ventral line of two hsemal processes, spring! 
from each side of the ventral surface of the centrun 
its anterior end ; from the point of union a haemal s] 
given off and passes downwards and backwards, 
hcemal processes give rise to anterior zygapoph^es liki 
on the neural arches, and similarly articulating with 
processes from the centrum of the vertebra next in fri 

1 6. In the anterior caudal region the hjemal are ver] 
larger than the neural arches, but passing back the 
diminish progressively until there is no difference of i; 

either in the size of the arches or the len| 
the spines, between the neural and hsemal aspects 
vertebrK. 

17. Following the last undoubted caudal vertebra 
small fan-shaped hypural bone, which together w: 
somewhat flattened posterior neural and hjemal 
supports the tail-fin. 

VI. In the median fins make out 
i8. The interspinous bones of the dorsal an 

fins, alternating with the neural and hKraal spines 1 
lively, and attached to them by fibrous tissue. 




In the Whiting the anterior anal fin extends ia front of the caudal 
St of its iDteispinous bane^ are unconnected vrilh tlic 
ertebr^ and lie free amongst the muscles. 

. The fin-rays, attached, in. the case of the dorsal and 
anal fins, at their proximal ends to the interspinous bones, 
and forming the actual skeleton of the fins ; each is a deli- 
cate, tod-like bone, transversely jointed and flexible at its 
distal end ("soft fin-rays"). In the caudal fin the fin-rays 
come into direct relation with the bypural bone and the 
posterior neural and htemal spines. 

In the Codfish there are 13 rays to the lir^t dorsal (in, 16 to 19 to 
the second, 17 — igto the third, 18 — 19 to the first anal, and 17 — 18 to 

I the second. The formula for the fin rays is therefore, T). 13 | l6 — ig | 
17^19. A. iS — 19 I 17 — 19. In the Haddock the formula i? D. 
H — 16 I 20 — 24 I 19 — 21. A. 24 — 25 [ 21—21 ; and in the Whiting 
fa. 13—14 I 20-23 1 20—21. A. 33-35 I 22—24. 
VII. In the brain-case make out the following points : — 
20. The single concave occipital condyle, for articu- 
lation with the centrum of the atlas : it is the hinder face 
of the basi-occipital bone (Fig. 29, ^.0), which forms the 
posterior part of the base of the skull, ending in front by a 
thin jagged edge. 

21. The foramen magnum or occipital foramen, a 
large apertm-e immediately aliove the occipital condyle, for 
the passage of the spinal cord into the brain. 

22. The ex-occipitals (^.o), two irregular bones forming 
, the lateral boundaries of the foramen magnum and articu- 

I lating below with the dorsolateral edges of the basi-occipital, 

i^ch ex-occipital is perforated by an aperture for the exit of 

; vagus nerve, and presents oa its posterior border an arti- 

ailar facet for the corresponding surface already seen on the 

meiiral arcit of the atlas (§ 9). 

The supra-occipital (s.o), a large bone bounding 





Fib. 29. — Gadus morrhua. The bones of the skull, disarticulated 
and viened from the tsft side (} nat. size). 

a! J, atisphenoid : an, angular : ar, articular : i-a, basioccifutid 
h-.r, brandiiostegal lay s : c.Aji, cerato-lwal: d, dentoiy : e.o, ei- 
occlpital ! tfi.iy, epih^ : efi.o, epiotic : fr. frontal : A.Ay, hypdhjtl 
Am, hyomandibular : i-Aji, iuterhyal : i.efi, inter -opercular : ic, lachiy- 
mal ; Bt.f, tnesethmoid : ni.;V, metapterygoid ; mi.//, mesoptei^^: 
mx, maxilla : na, nasal : ef, opercular : ofi.a, opistbotic : f, parietal 
^.s, parsEiphcnoid : ^,f, paretbmaid : fa, palatine : f.mx, prcnaxilla 
p.sp, preopercular : /r.o, proolic : pt, pterj^id ; pt.i>, pterolic : ou, 
quadrate: s.o, snpraoccipital : s.op, subapercular : s.or, suborMtals; 
sp.o, sphenolic : sy, symplectic : u'hy, urohyal : vo, vomer : jr, articolaf 
facet on parcthmoid ; i, articular facet oo palatine : y, articular face! 
on sphenolic and pterotic : y', articular facet on hyomaudibular. 
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the foramen magnum above, and produced dorsally into a 
median, laterally-compressed crest, the occipital spine. 
The basi-, ex-, and supra-occipitals together form the 
occipital segment of the skull. 

24. Externally to the occipital region, the brain-case is 
produced on either side into a lar^e out-standing mass, the 
auditory capsule, which presents above two well-marked 
processes— an inner, the epiotic process, short and sub- 
tetrahedral in form ; and an outer, the parotic process, 
which is long, and projects backwards and outwards. The 
median occipital spine and the paired epiotic and parotic 
processes form the five projections which are so marked a 
feature in the postero-dorsal region of the skull. 

as- The epiotic process forms nearly the whole of the 
small epiotic bone (ep.o), the postero-internal ossification 
of the auditory capsule. 

26. The parotic process is constituted by two bones, 
which are seen to meet in an irregular suture on its outer 
surface. The uppermost of these is the pterotic {pt.o), 
or postero-dorsal ossification of the auditory capsule, the 
lower the opisthotic {op.o), or postero- ventral ossification : 
the latter articulates behind with the ex-occipital, and 
below with the basi-occipital, and is perforated near its 
posterior border by a foramen for the exit of the glosso- 
pharyngeal nerve, 

27. The prootic {pr.o), a large bone, articulating behind 
with the opisthotic and forming the an tero- ventral ossifi- 
cation of the auditory capsule : its anterior border is 
deeply notched for the passage of the fifth and seventh 
cerebral nerves. 

18. The sphenotic (sf.o), the anteroH3orsal ossification 
r the auditory capsule, a large, irregular bone, articulating 
Whind with the pterotic and below with the prootic 
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29. A large articular surface (y) on the side wall of 
the auditory capsule, formed in front by the sphenotic, 
behind by the ]>terotic ; it is covered with cartilage in the 
recent state and gives articulation to the hyomandibular 
(§ 40)- 

30. The frontals (fr) united with one another in the 
middle line into a single large shield-shaped bone which 
forms the greater part of the roof of the brain-case, articu- 
lating behind with the supra- occipital in the middle line, 
and with the sphenotics externally. 

31. The parietals {p), two flat bones, completing the 
roofing-in of the brain-case, being wedged in, one on either 
side, between the supra -occipital internally, the sphenotic 
and pterotic externally, the frontal in front and the epiotic 
behind. On the dorsal surface of the parietal is a spine-like 
process, beneath which is a foramen for the exit of the 
cutaneous branch of the fifth nerve (§ 98). 

32. The alisphenoids (al.s), two small bones, situated 
in the side walls of the brain-case, and articulating with the 
prootic behind and below, and the frontal and sphenotic 
above. 

33. The parasphenoid (^a.s), a long, stout, median 
bone, forming the greater part of the base of the skull : 
posteriorly it widens out, underlaps the basi-occipital and 
articulates with the prootics : both in front and behind it 
thins out considerably and ends in a jagged edge. 

34. The vomer {vo), a median bone, forming the 
anterior part of the base of the skull : it ends in front in a 
strong transversely curved edge, beset with teeth on its 
lower surface (§ 161), posteriorly it is pointed and under- 
laps the parasphenoid. 

35. The mesethmoid (m.e), a median bone situated 
immediately above the vomer : it is truncated in front, and 
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f backwards a long process which fits into a deep 
notch in the frontais. 

36. The parethmoids {p.e), irregular paired bones 
forming large lateral projections at the anterior end of the 
brain-case, representing ossifications of the olfactory capsules. 
Each presents on its outer surface an articular cavity (a) for 
the palatine (§ 46). 

37. A vacuity on each side between the mesethmoid, 
tlic parethmoid, and the frontal, and serving to lodge the 
iiasal sac (§ tSo). 

38. The absence of side walls to the slcull except in the 
olfactory and auditory regions. 

39. A longitudinal section shows that in the dried skull 
there is free communication between the cavity for the brain 
and those for the auditory organs. 

VIII. In each side of the upper jaw and suspenso- 
rium make out 

40. The hyomandibular (/(m), a large bone articulat- 
ing with the facet {y) afforded by the sphenotic and pterotic 
by a prominent rounded head i^y"): it sends off a long 
backward process for articulation with the opercular, 
and presents on its outer surface a prominent, down- 
wardly directed ridge serving for muscular attachments, 
and perforated anteriorly by two foramina for the seventh 
nerve. At its lower end the hyomandibular ends in 
front in a jagged triangular process, behind in a straight 
edge. 

41. The symplectic {sy), a long, somewhat triangular 
bone, having a short dorsal edge united by synchondrosis 
with the straight lower border of the hyomandibular, and a 
pointed ventral process which fits into a groove on the inner 
face of the quadrate {§ 4a). In the natural position of the 
bones, the symplectic, as well as a considerable portion of 
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the hyomandilmlar and quadrate, is hidtie; 
opercular (§ 64), 

42. The quadrate (^«) a bone of very irregular ft 
presenting on its inner surface a deep groove for the re- 
ception of the symplectic, and ending below in a saddle- 
shaped articulation for the lower jaw. 

43. The meta-pterygoid {m.p/), a thin lamina of bone, 
united by synchondrosis ivith the straight part of the doreal 
border of the quadrate, and fitting closely against the 
anterior border of the hyomandibular and symplectic. 

44. The pterygoid ipt), a long, flat, irregular bone, 
with a thickened ventral border ; it articulates by suture 
with the anterior edge of the quadrate and meta-pterygoid, 
and takes a direction forwards, and slightly upwards and 
inwards. 

45. The meso-pterygoid (nis.pt), a very thin bony 
lamina, fitting against the upper edge of the pterygoid. 

46. The palatine {pu), an irregular bone, consisting of 
a flattened posterior portion, and of a stout, rod-lite, 
incurved anterior portion; at the junction of its two 
parts, the bone presents on its upper surface an articular 
facet {x') for articulation with the parethraoid (§ 36). pos- 
teriorly the palatine ends above in a straight edge, aod 
below in a long jagged process which articulates wiA 
the pterygoid. 

47. The premaxilla {p-mx), a stout, curved, ro^like 
bone forming the gape of the upper jaw, produced at 
its upper or inner end into a strong upward process, ami 
covered on its oral surface with close-set curved teeth. 

The two premaxilliE abut 
nodule of cailitage, which is 

48. The maxilla (mx), lying behind and parallel 
the premaxilla : its anterior (dorsal) somewhat exp: 
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end articulates with the vomer : its posterior (or ventral) 
flattened end reaches nearly as far back as the quadrate. It 
does not enter into the gape. 

IX. Note the following bones in each ramus of the lower 
jaw: — 

49. The articular {ar), a large bone articidating by a 
saddle-shaped surface with the quadrate : it is thick and 
strong posteriorly, and produced into a long pointed pro- 
cess anteriorly. On its inner surface is a groove in which, 
in the recent condition, Meckel's cartilage lies i this 
latter is rod-like, about z — 5 mm. in diameter, and pointed 
at its anterior end, which projects beyond that of the 
articular, 

50. The angular {an), a small stout bone attached to 
the postero-inferior angle of the articular. 

51. The dentary (d), a large bone forming the main 
part of the lower jaw, and curving inwards to join its fellow 
of tlie opposite side, to which it is united by synchondrosis. 
Its posterior edge is deeply notched for the reception of the 
articular, and it contains a cavity open behind, in which 
Meckel's cartilage and the mandibular nerves run, 

X. Note in the hyoidean apparatus 

gz. The two paired halves or cornua of the apparatus, 
large, laterally-compressed bones, lying, in the natural 
position of the parts, within the rami of the mandible, and 
uniting with one another by a median symphysis a short 
distance behind the mandibular symphysis. 

53, The connection of each hyoidean cornu with the cor- 
responding suspensorium by a short rod of bone, the inter. 
hyal ((-Ay), which articulates on the one end with the 
dorsal extremity of the cornu, and on the other with the 
cartilaginous interval between the hyo mandibular and 
syniplectic. 
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54. The composition of the hyoidean cornua ; each con- 
sists of a dorsal, somewhat triajigular bone, the epi-hyal 
{ep.hy), articulating at its apex with the inter-hyal, and al 
its base united by suture to a second bone, the cerato-hyal 
{c.hy), which forms the main part of the comu, and is 
connected ventrally with two small ossifications, the hypo- 
hyals {h.hy). 

55. The branchiostegal rays {br.r), seven curved 
rods of bone, articulated to about the upper three-fourths of 
the posterior edge of (he cerato-hyal : the four superior rays 
are connected with the outer face, the three inferior with 
the inner face of the cerato-hyal. 

56. The uro-hyal or basl-branchiostegal {u.hy), a 
median vertical plate of somewhat triangular form, inter- 
posed between the hypo-hyals of opposite sides. 

XI. In the branchial arches, make out 

57. The superior pharyngeal bones, two large 
irregular bones, covered inferiorly with teeth, which lie, in 
the entire fish, in the roof of the pharynx. These represent 
the coalesced dorsal elements or pharyngo-branchialsof 
the four anterior branchial arches. 

58. The epi-branchials, four slender bones standing 
out horiiontally from the outer edge of each superior 
pharyngeal bone. 

59. The ceratO'branchials, four larger bones on each 
side, forming the main part of the four anterior branchial 
arches ; each is articulated at its dorsal end with the ouler 
(ventral) extremity of the corresponding e pi-branchial, and 
takes a direction forwards, downwards, and slightly inwards. 

60. Each cerato-branchial is articulated below with a 
hypo-branchial ossification, which passes forwards and 
inwards. 

61. The basi-branchial, a median vi.-ntral ossification, 



common to the first three arches, tht hypo-branchial s of which 
articulate with it laterally : the hypo-bran chials of the fourth 
arch are united with one another in the middle ventral 
line by cartilage. 

62. The rudimentary fifth branchial arches, each consist- 
ing of a single bone— the inferior pharyngeal bone 
■ — which is beset on its dorsal face with teeth, and in 
the entire fish, bites against the superior pharyngeal 
(5§ '^2, 163). 
I XII. In the skeleton of the gill-cover or operculum, 

I note the following four bones on each side :^ 

F 63. The opercular (Fig. 29, op), a flat bone, bifid 
posteriorly and having on its anterior border a facet for 
articulation with the posterior or opercular process of 
the hyoroandibular. 

64. The pre-opercular (p.op), a large bone with an 
evenly curved anterior border produced at one place into 
an irregular process, and a jagged posterior border ; its outer 
face is produced into a prominent ridge for attachment of 
muscles. In the natural position of the [arts it fits closely 
against the outer face of the hyomandibular, sym])lectic, 
and quadrate. 

65. The sub-opcrcular {s.op), a flat plate, somewhat 
rounded below and pointed above : and lies immediately 
beneath the opercular, 

66. The inter-opercular {i.op), an irregular bone, 
articulated at its upper and posterior end with the sub- 
opercular, and at its opfjosite extremity connected by ligament 
to the angle of the mandible. 

XIII. There still remain a few loosely attached bones 
in connection with the brain-case, chiefly in the 
region of the nose and eyes; these are 

67. The so-called nasals {no), delicate scale-like bones, 
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grooved for sensory tubes, situated one on either side of tl 
nasal region, to the dorsal side of the parethmoids. 

68. The sub-orbitals {s.or), a semicircular chain < 
bones, lying beneath the eye-ball ; the most anterior of t 
series is large, thin, and triangular in shape, and is the S 
called lacrymal {Ic) ; the others are small and five 1 
seven in number. All are grooved for sensory tubes. 

6g. Two or three small grooved bones of a si: 
nature occur in relation to the parotic processes. 

XIV, In the shoulder-girdle and pectoral fin note t 
each side 

70. The post-temporal, a forked bone, articulating b 
the inner and larger of its limbs with the epiotic, by the 
outer and smaller with the parotic process of the skull. 

71. The supra-clavicle, a stout rod, articulating above 
with the post-temporal, and fitting below by its beveUed 
inner surface against the dorsal extremity of the clavicle. 

72. The clavicle, a large curved bone, with a thicl 
anterior and a thin posterior border, attached above to 1 
supra-clavicle, and taking a direction at first downward! 
then forwards and inwards, so as nearly to meet its felloi 
of Ihe opposite side in the middle ventral line of the throa^ 
a short distance beyond the uro-hyal. 

>r (ventral) portion of the divide is gi 

73. The post-clavicle, a slender bony rod, c 
with the inner face of the clavicle near its dorsal end, i 
passing backwards and downwards. 

74. The scapula and coracoid, two delicate 1 
attached to the inner face of the clavicle : the upper sA 
smaller of the two is the scapula : the lower, of an i] 
triangular form, is the coracoid. 



75. The brachial ossicles, four small, dice-box 
shaped bones, articulating with the posterior border of the 
scapula and coracoid. 

76. The fin-rays, attached to the distal ends of the 
brachial ossicles and having essentially the same character 

those of the median fins; they diminish gradually in size 
from the pre-axial to the post-axial border of the fin (see 
§ 95) overlap one another at their proximal ends, and are 
much frayed out at their distal extretnities. 

XV. In the hip-girdle and pelvic fins note 

77. The pelvis, consisting of the two thin, irregular 
innominate bones,' united with one another in the middle 
ventral line, but showing no distinction into the three 
ossifications of the typical vertebrate os innominatum. 

78. The fin-rays, articulating with the posteto-extemal 
borders of the innominate bones. Owing to the position 
of the pelvic girdle beneath the throat, the pelvic fins come 
■to be situated anterior to the pectorals. 

B.— DIRECTIONS FOR DISSECTION. 

XVL Make out the following external characters : — 

79. The elongated body (Fig. 30), slightly compressed 
from side to side ; the head passing insensibly into the 
trunk, and the trunk into the tail. 

. The integument, containing numerous stnall 
imbricating scales, covered with a layer of thin, slimy, 
pigmented epiderm, the colour of which varies in differ- 
ent parts of the body, being white below, and greyish or 
olive, mottled with golden yellow, above. 

It is possible that the so-called innomioale bone may represent the 
fnsale metapterygii or basipterygiuni of the Elasmobranch fin (p, 4C^ 
52), and not a true pelvic girdle. 
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In ihe Haddock the lateral line (see 9 Sz), is bL-ick, and there is also 
a blackish blotch below the lateral line, between the pectoral and the 
lirst dorsal fins : in the ^Vluting there i^ n black spot ou the axil of 
the pectoral fin. 
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8i. Remove ,i few scales and examine under a I( 
magnifying power ; each is seen to be a flat, rounded plate, 
composed of concentric lamina of calcific matter, devoid 
of bone-cells ; its anterior end is embedded in llie derm 
and overlapped by other scales, its posterior end is covered 
only by epiderm, and presents an even free border ("cycloid " 
scales). 

82. The lateral line, a hotizontal row of peculiarly 
modified scales, lodging sensory tubes ; it passes from the 
tail forwards, a little above the middle line of the body, and 
becomes indistinct on the head. 

83. The large mouth, at the extreme anterior end of 
the body, supported below by the mandible {Fig. 29, d) and 
above by the premaxillie {p.iiix) and maxillie {mx), of 
which the latter are behind the former and do not actually 
enter into the gape. The skin in which the maxilla and pre- 
maxilla are contained is si> loose as to render the upper jaw 
slightly protrusible. 

84. The teeth are best seen at a later stage (§S 159— 
i63,p. I20). 

85. The barbule {Fig. 30, b), a median filamentoi^ 
process, hanging from the under side of the lower jaw ne^B 
the symphysis. "^ 

In the Cod the barbule is as long as or longer than tlie eye : in the 
Haddock it is very short : in the Whiting absest. 

86. The nostrils (anterior nares) (Fig. 30, n.a), situated 
a short distance behind the blunt anterior extremity of the 
snout ; these are two small apertures on each side, of which 
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pfhe posterior and outer is circular and open, while the 
I anterior and inner is guarded by a flap-like valve. 

87. The large eyes (c), devoid of eyelids and covered 
) with a continuous layer of transparent integument. 

. The gill-opening, a large crescentic aperture on 
each side, extending from under the throat upwards and 
backwards along the side of the head ; it is bounded be- 
hind by the shoulder-girdle (§ 95 ) and in front by the gifl- 
cover or operculum, which is easily distinguishable into two 
parts, the operculum proper (Fig. 30, 0/), supported by 
the opercular bones (§g 63 — 66), and the branchiostegal 
membrane {lir.m), supported "by the branchiostegal rays 
of the hyoid hone {§ 55). 

8g. The gills, seen by lifting up the operculum ; they 
are four in number, and consist of rows of deep red 
branchial filaments, supported on the four anterior 
branchial arches (§§ 57 — 63) ; between the gills, as well as 
in front of the first and behind the last gill, arc the bran- 
chial clefts, five in number, leading into the cavity of 
the mouth. 

90. The pseudobranchia (rudimentary hyoidean gill), 
seen as a red patch covered by semi-transparent mucous 
membrane, on the inner surface of the gill-cover, a little 
anterior to the dorsal end of the first branchial arch. 

91. The absence of spiracles (p. 43, § 70) and of external 
auditory apertures. 

92. The anus (Fig, 3o,fl), a somewhat prominent aperture, 
situated in the middle ventral line, about half-way between 
the snout and the end of the tail. 

93. The genital {g) and urinary (u) apertures, 
situated on a common elevation of integument, immediately 
posterior to the anus ; they are small apertures, the genital 
being the more anterior of the two. 
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94. The median fins, thin vertical folds of integument 
supported by bony fin-rays (§ 19) ; three of them are dorsal 
in position (dorsal fins, Fig. 30, d.f. 1, d.f. 2, d.f. 3), ex- 
tending from immediately behind the head to the tail ; two 
are ventral (anal fins, a.f. i, a.f. 2), extending between 
the urinary aperture and the tail ; and one is posterior, the 
caudal fin (c/) ; the latter is apparently quite symmetrical 
(homocercal), its rays being equally distributed above and 
below the fleshy lobe in which the tail ends. 

95. The pectoral fins (fore-limbs) (Fig. 2,/./), situated 
on each side of the anterior region of the trunk, close behind 
the gill-slits, and about midway between the dorsal and ventral 
contours. The shoulder girdle to which they are attached 
(§§ 70 — 74) can be felt immediately behind the gill-slit. If 
the pectoral fin be made to stand out at right angles to the 
body, it will be seen 10 have a <!orsal surface looking 
upwards and backwards, a ventral surface, downwards 
and forwards, a strong, straight pre-axial border towards 
the head, and a thin curved post-axial border towards the 
tail. WTien left to itself, it ties with its dorsal surface against 
the side of the body and its pre-axial border looking upwards, 

96. The pelvic or so-called ventral fins (hind-limbs) 
(pv.f), small fins situated below and slightly in front of the 
pectorals: the pelvic girdle (§ 77) to which they areattached 
can be felt in the angle between the ventral ends of the 
shoulder girdles. The surfaces and borders of the pelvic 
fins have the same names as those of the pectorals, and are 
easily identified. 

XVII,' Carefully dissect away the skin from the left 
side of the body, observing the following ; — 

1 The foUQwing sections (§ XVII— 99) may be omitted until iftcr the 
dmection of the viscera, and then worked out on the right side of the 
body. 



97- The body muscles (Fig. 30), distinctly divideclinto 
vertical segments oi myotomes, separated from oae 
another by septa of connective tissue : each myotome takes 
a zigzag course, passing, from the middle dorsal line, at first 
sharply backwards, then gently forwards, then gently back- 
wards, and finally sharply forwards to the middle ventral 
line. The myotomes are also more or less distinctly 
divided into dorsal and ventral portions : the dorsal 
muscles on ncaring the head, turn forwards, and are inserted 
into the frontals ; the ventral muscles being inserted into 
the clavicles. 



I quinti (f), or cutaneous brancli of the tri- 
gemioal nerve (§ 193), seen emerging from between the muscles on 
the dorsal surface of the head, and passing backwards and slightly oul- 
wanls immediately beneath the skin. Soon after its origin it gives ofi^ 
two or three small nerves wbich pass backwards and upwards, and, 
uniting with one another fonn. a trunk ( V^ which runs along the basei 
of the dorsal fina, as fa.r as to the caudal. The main tmnk of 
the cutaneos quinti divides into two branches, one of which ( V) 
passes downwards and backwards to the anal fins, supplying then in 
the some way as Ihe dorsal branch supphes the dorsal fins : the othei 
iP"") passes along the outer face of the clavicle and sends branche; to 
the pectoral and pelvic fins. Traced forwards, the cutaneus quinti is sec* 
to make its exit from the skull by a foramen in the parietal (5 ji). 

99. The cutaneuB vagi, or cutaneous branch of the pneumo^ 
trie nerve {% 196), emei^ng from beneath the operculum near ilsdoial 
end, having already divided into two trunks, which pass almost direellj 
backwards, the fu^l {X) immediately beneath the skin of the laleral 
line, the other {X') aloDg the line of junction of the dorsal and venttil 
muscles ; at about the level of the second dor=al fin these nerves begii 
gradually to approach one another, and (be upper one soon lades off, lb 
lower one then passing along the lateral hne to the tail. The' 
trunks are united by one or two commissures. 

XVIII. Keeping th« fish with its left side uppemiofl, 
make a median ventral incision from the hip- 
girdle backwards to within a quarter of an inch ol 



ri THE COD. 107 

the anus. Take a second incision passing verti- 
cally dorsal wards from the anterior end of ihe 
first, and a third sloping obliquely backwards and 
upwards from its posterior end ; carefully, lift up 
the flap of muscle as you make these cuts so as to 
be sure that none of the internal organs are 
injured. Extend both cuts upwards until the 
body cavity is well exposed : then fasten back or 
remove the flap of muscle. Observe the following 
points without further dissection : — 

100. The abdominal cavity, enclosed by the muscular 
walls of the body, ending in front at about the level of the 
shoulder girdle, and extending posteriorly for a short distance 
behind the anus. 

10 1. The peritoneum (parietal layer), a pigmented mem- 
brane lining the abdominal cavity. The visceral layer of 
the peritoneum is reflected over the viscera (see § 110). 

102. The liver (Fig. 31, Ir), a large brown-coloured 
organ, with its broad attached end at the anterior boundary 
of the abdomen and its long left (Ir^) and short right (/r") 
and middle {Ir') lobes extending backwards towards the 
posterior end of the cavity. 

103. The Stomach (Fig. 31, j/), a wide thick-walled tube, 
passing from the front wall of the abdomen, backwards to 
within a short distance of the anus, where it becomes bent 
forwards upon itself: in the undisturbed position of the 
parts it is largely covered by the liver. 

104. The intestine (Fig. 31, </?«., il,, rci), a coiled tube, 
connected anteriorly with the recurved portion of the 
stomach, and ending behind in the anus (see § 119). 

105. The pyloric CEeca (Fig. 31, fy.c) numerous small 
blind tubes, arranged in bunches around the small intestine 
at its junction with the stomach. 
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io6. The spleen, a smooth, dark red body, of elongated 
form, situated somewhat dorsal to, but not directly con- 
nected with the stomach. 

107. The gall-bladder (Fig. 31, g.i), a large ovoid sac, 
filled with bright green bile, Kituated about the middle of 
the abdominal cavity towards the right side. 




Fic. 31. — Gadus morrhua. Dissection of the alimentaty caul 
and ils glands, from the right side (J nat. size). 

a, anus : f,^.'/, common bile duct : c.d, cystic duct ; dm, duodenmi 
g.t, gall-hladder : k.J. hepatic duct ; il, ileum : Ir', right lobe of liio 
Ir", middle lobe of liver : ir\ left lobe of liver ; as, cesophagui 
/*>'-'■> pyloric CECca : rel, rectum : it, stomach ; x, aperture rf U' 
duct, below it apertures of pyloric CBSca. 



108. In the male, the testes, long lobulated gl3t]6> 
having much the appearance of fat, and extending hori»» 
tally along a considerable proportion of the length of t}* 
abdominal cavity ; their size varies greatly according to 
season and the age of the fish. 

109. In the femaie, the ovaries, conical sacs, of 
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Bcolour, situated in tiie posterior part of the abdominal 
■ cavity, above the terminalion of the intestine. 

.10. The visceral layer of the peritoneum, a thin trans- 
arent membrane, enveloping, somewhat loosely, the fore- 
toing viscera. 

r. The air-bladder or swim-bladder, covering the 
■hole of the dorsal wall of the abdomen, the peritoneal 
g of which is continued over its ventral surface ; if in 
e distended condition, its smooth median and sacculated 
Ueral regions render it readily distinguishable ; if collapsed, 
s less obvious. 

. The ureter, a thin-walled tube, passing upwards 

1 the urinary aperture to the posterior end of the air- 

(dder to join the kidney, which is at present concealed : 

r its ventral end it gives off a bilobed diverticulum, the 

bnary bladder. 

XIX. Continue forwards the median ventral incision 
already made, by cutting through the hip-girdle 
and between the right and left halves of tlie 
shoulder-girdle : dissect away the left half of both 
pectoral and pelvic girdles, working from below 
upwards, and taking especial care not to cut too 
deeply and so run the risk of injuring the hepatic 
(§ 125) and precaval {§ 141) veins. Note 

113. The gullet (Fig. 31, i£s), a tube of about the same 
diameter as the stomach, with which it is continuous 
posteriorly, while in front it passes into the pharynx 
(§ XXX.). 

114. The pericardial cavity; a small chamber con- 
taining the heart {§ 115) and separated by a strong fibrous 
partition — the pericardio-peritoneal septum^from 
the cavity of the abdomen : it is bounded above by the floor 
of tlie mouth and bases of the gills, and below by the 
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ventral ends of the clavicles and the muscles in connection 
with them. 

IIS- The heart (Fig. 32), consisting of (a) the small, 
thin-walled sinus venosus (s. v), attached by the hepatic 
veins {§ 125) to the peri cardio- peritoneal septum; (^} the 
large, irregular thin-walled auricle {au), situated in the 
dorsal region of the cavity, and largely concealing (c) the 
firm, prismoidal ventricle {v), which lies in the ventral 
region of the pericardial cavity and passes in front into (J) 
the white, rounded bulbus arteriosus (&.a). 

116. The pericardium, a thin membrane lining the 
pericardial cavity and reflected over the heart in the same 
manner as the peritoneum over the abdominal viscera, 

XX. Skin the top of the head and clear away the 
muscles until the roof of the skull is exposed: 
break away the latter, bit by bit, with bone forceps 
or strong scissors, and observe 

117. The brain, lying loosely in the large cranial 
cavity, and continuous posteriorly with the spinal cord, 
which passes through the neural canal of the vertebral 
column to the tail. 

118. The arachnoid fluid filling the space between 
brain and the walls of the cranial cavity. 

Large cod are often killed by a blow on the head ; this gives ri 
extensive extravasation, and the cnmial cavity is found to be S 
clcLted blood, wbicli adheres so closely lo the brain as to reqviracj 
its removal. 

XXI. If no second specimen is to be dissected, go ova I 
§§ XXXVI— 196: then cut through the spinal cord f 
about half an inch from its junction with the 
brain, sever the various cranial nerves, carcftjUy 1 
detach the olfactory lobes from their attachments 

i the brain, and place it in alcolwl 
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of about go per cent If a second specimen is to be 
dissected, the examination of the external features 
of the brain may be postponed, and the oi^an 
placed in alcohol at once, 
XXII. Place the fish once more on its right side, and 
by turning forward the lobes of the liver, and, 
when necessary, dissecting away the peritoneuna 
from the viscera, blood-vessels, &c., make out the 
following:—' 
119. The divisions of the alimentary canal (Fig. 31): the 
oesophagus passes insensibly into the stomach, the cardia 
or aperture of communication between the two being marked 
only by a difference of colour and texture ; the stomach 
passes back to the hinder end of the abdomen, becomes 
bent upon itself towards the right side, and narrowing, 
becomes continuous with the small intestine, the pylorus 
or aperture of communication between the two being marked 
by the attachment of the pyloric cieca (fy.c) ; the first loop 
of the intestine is U-shaped and represents the duodenum 
{//»() ; this is followed by the ileum (;/), which after a 
' The injection of the blood -vessel f:, which is necessary for their 
satisfactory enanunation, is best performed in the following way : (o) 
Matte a small incision into the bnlbus arteriosus, and insert a cannula 
directed forwards ; from this the ventral aorta and afferent branchial 
arteries are injected : (*) insert a second cannula into one of the branches 
of the mesenteric artery, c.^. that supplying the pyloric cieca, directing 
it forwards, or towards the proiinial end of the artery ; from this the 
dorsal aorta and efferent bra.ncliial arteries are filled : (c) a third can- 
nula is inserted into one of the factors of the portal vein, f.g. that 
^ eoming from the pyloric C£eca, its point being directed forwards or 
- towards the main portal yein, which is In this way thoroughly injected : 
(rf) a fourth cannula is inserted, pomting- forwards, into the spermatic 
- rein (§ 126) ; from this the main systemic veins are easily filled. Plaster 
r^ of Paris, or some other cold injecting materia], must be used i as a very 
ae ilight heat causes gelatiniialion of the connective tissue of the blood- 
vessels and their coBseiiuent rupture. 




minor turn, forms a long loop enclosed in a special invest- 
ment of peritoneum and extending backwards posterior to 
the anus ; passing forwards again, tht ileum forms a loop 
within and concentric to that of the duodenum, and is then 
continued insensibly into the rectum (rci), which is only 
marked by its somewhat greater diameter and by the dark 
colour of its contained fseces ; the rectum passes direclly 
backwards to the anus (17), between the ileum on the right 
and the stomach on the left, 

120. The way in which the viscera are supported by 
folds of peritoneum : the stomach is suspended to the 
dorsal wall of the abdomen by a vertical fold, the meso- 
gaster ; a similar fold supporting the small intestine is the 
mesentery; one suspending the rectum is the meso- 
rectum: the testes are kept in position by the mesorch- 
ium, the ovaries by the mesoarium : the anterior bonier 
of the liver is connected to the anterior wall of the abdo- 
men by the coronary ligament and its dorsal surface il 
connected with the stomach by the gastro-hepal 
omentum. 

121. The cystic duct {Fig. 31, cJ) from the gall-blai 
(^.b), joined by several hepatic ducts (^J) from the lii 
from the point of junction the common bile duct (i 
passes backwards and opens into the small intestine 
beyond the pylorus. 

122. The portal vein (Fie- 32, /), taking blood from the a 
abdominal viscera to the liver ; it is a large vein, receiving factors & 
the stomach, intestines, spleen, and pyloric CEeca, as well a. 
from the air-bladder, leaving the wall of the Utter at about the jt 
of its anterbr and middle thirds, and bringing blood from U 
mirabile (j:) (vUe infra % 139). AH these tributaries unite 1 
a plexus of large veins in the gaslro-!iepa.tic omentum, fron 
several veins go off into the substance of die liver (f). 

123. The gastric branch of the vagus (tenth cerebral) nu 
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^Tve entering the abdomen alongside the gullet and sprending 
a nnrobec of fine branches on the surface of tte stotnach, 

124. The coeliac and mesenteric arteries (Fig. 32, ca, m), entering 
abdomen above and to tlie right of the gullet : the former goes 
ost exclusively to the pyloric c^ca : the mesenteric artery supplies 
stomach, {g), ioteslines (i), spleen [spl), and rele mirabile (x). 

125. The two hepatic veins (Fig. 32, kp) proceeding, aae on each 
e, from the anterior border of the livBr, through the pericardio-peri- 
leal septum to the sinus venosus. 

[26. The spermatic vein (Fig. 32, ip.-a) bringing blood from the 
ay or testis, from the anterior end of which it passes directly forwards 
join the precaval vein {g 141) : the spermatic artery {sp.a) arises 
m one of the gastric branches of the mesenteric, 

XXni. Remove the liver, stomach, intestine and 
spleen ; cut open the stomach and duodenum, 
wash out their contents and note 

127. The rugce of the stotnach, prominent longitudinal 
,ds into which its mucous membrane is thrown. 

128. The pyloric valve, a circular ridge of mucous 
embrane forming a constriction between the stomach and 
itestine. 

, The aperture of the bile-duct (Fig. 31, x) in the 
lodentim, near the pyloric valve : a bristle should be 
issed from it into the duct. 

130. The three or four openings of the pyloric casca 
"ig, 31, below x), situated in the duodenum between the 
'lorus and the bilary aperture. 

XXIV, Make out the following points in the repro 
ductive organs, still left in situ ; — 
In the Male. 

131. The testes, two elongated bodies, each consisting 
' a straight tubular axis, the vaa deferens, with a soft 
eatly lobulated body, the testis proper, attached to the 
hole length of one side. At about one foiu'th of their 
;iigth from the posterior end, the two testes unite with 



114 ZOOTOMY. 

one another in the middle line, and send ofif a short common 
duct, which passes, closely attached to the front wall of tie 
ureter, to the genital aperture. 
In the Female. 

132. The ovaries, two conical bodies, united with one 
another posteriorly and sending off from the point of junc- 
tion a short oviduct which passes downwards between the 
ureter and the rectum to the genital aperture. 

XXV, Remove the reproductive organs and the ureier 
from the body, along with a small portion 0/ 
the body wall containing the urinary and genital 
apertures ; in cutting through the ureter leave > 
recognisable piece of its dorsal end, as it will 
have to be traced to the kidney (§ 143): pin 
out these organs under water, and make longi- 
tudinal incisions though the ureter and ihe I'ai 
deferens or oviduct and ovary ; note 

133. A median partition di-viding the dorsal end of the urali 
two tubes. 

In the Male. 

134. The common genital canal, receiving the 
defetentia, opening externally by the genital aperture, 
separated by a thin partition from the ureter. 

135. The numerous small apertures in the vas defe 
by which it receives the secretion from the lobes of 
testis. 

In the Female. 

136. The large central cavity of the ovary, encri 
on by irregular processes of the substance of the Oi:^U]^, 
which the ova are developed. 

137. The cavity of the oviduct, continuous with tilt 
the two ovaries, and opening externally by the 
aperture. 
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XXVI. Open the air-bladder by a longitudinal ir 

along its left side, and dissect away the muscles, 
&c, which still obscure its anterior end, taking 
care not to injure the precaval vein {§ 141) ; note 
13S. The characters of the air-bladder; its lateral and 
ventral walls are very thick and tough, its dorsal wait so 
thin that the vertebral column, aorta {§ 142), and kidneys 
(§ 143) can be readily seen through it ; its ventro-lateral 
portions are deeply sacculated, and its antero-lateral angles 
produced each into a long coiled tube, blind at its free end ; 
of these the left only is seen at present, imbedded among 
the muscles at the anterior end of the air-bladder. 

139. The rete mirabile of the air-bladder, a large, soft, 
cake-like mass of rounded outline and red colour, situated 
within tlie air-bladder in contact with its ventral wall : as 
already seen, it receives a branch from the mesenteric artery 
and pours its blood into the portal vein. 

140. The anterior portion of the kidney — usually called 
the head-kidney — a dark-brownish red mass, lying above 
and in front of the anterior end of the air-bladder. 

141. The (left) precaval vein {dncitis Cuvkrit) (Fig. 32, 
pc), a large vein passing from the sinus venosus upwards 
to the anterior part of the kidney, crossing the gullet as it 
goes, and lying immediately behind the last branchial arch ; 
it receives the corresponding spermatic vein, and at its 
dorsal end is formed by the confluence of two veins, the 
left jugular bringing the blood from the head, and the 

tfeft cardinal returning that from the trunk generally, 
i 142. The dorsal aorta (Fig. 32, d.ao\ a large median 
artery, seen through tlie thin dorsal wall of the air-bladder; 
to show it plainly, the latter should be dissected away. 

The dorsal aorla is continued posteriorly as the CBUdal Otlety (f.n), 
which passes tlirough the h£cmal aicties of the toil ; before doing so it 
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gives off an artery {y) which passes downwards alongside the ureter 
(§ 112) to supply the bladder, anterior anal fin and body muscles of that 
region, and also anastomoses with the intestinal artery (f) by a small 
branch. 

143. The kidneys, consisting of two irregular longi- 
tudinal bands of soft reddish-brown tissue, lying one on each 
side of the aorta ; to see them satisfactorily, the dorsal wall 
of the air-bladder must be dissected away ; anteriorly they 
pass each into'the so-called head-kidney already seen (§ 140) ; 
posteriorly they unite and form a large median mass, lying 
immediately behind the air-bladder and enclosed in the 
haemal canal of the anterior caudal vertebrae, which must 
be cut away to display it ; it is from this hinder part of the 
kidney that the unpaired ureter springs. 

144. The cardinal vein (Fig. 32, /.cd, r,cd), a somewhat 
irregular trunk, running through the substance of each 
kidney. 

The middle part (if the left cardinal is aborted for some distance, the 
veins from the left kidney in this region passing into the right cardinal.^ 
Posteriorly, the two become continuous with the caudal vein {c.v), 
which passes through the haemal canal, ventral to the caudal artery. A 
vein iy) bringing back the blood from the posterior part of the air 
bladder, urinary bladder, anterior anal fin and body-wall, and anasto- 
mosing with the portal, runs parallel to the corresponding artery (§ 142), 
and enters the caudal vein just as it emeiges from the haemal canal. 

145. The sympathetic nerve is also imbedded in the kidney. 

XXVII. Dissect away the muscles, &c. lying in front 

of the heart and at the bases of the gills, and bring 

into view 

146. The ventral aorta (Fig. 32, v.ao), passing forwards 

from the bulbus arteriosus and ending abruptly at about the 

level of the ventral end of the first gill. 

^ Its anterior part is sometimes connected ^ith the right cardinal by a 
transverse anastomosis in this region. 
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The hyoidean (§ 175) and two first efferent branchial arteries (§ 158) 
anastomose at their ventral ends, and from the junction of the two 
latter an artery is given off on each side, which meets with its fellow 
below the ventral aorta to form an azygous vessel, which is best seen at 
this stage. This soon divides into two branches, one of which passes 
above, the other below, the pericardium, supplying the muscles in 
these regions, and giving off several very small coronary vessels to the 
heart (Fig. 32, co). The ventral branch eventually divides into two, 
which supply the pelvic fins {pi). 

147. The afferent branchial arteries (Fig. 32, a.dr^^ 
a.br^)f four on each side, given off laterally from the ventral 
aorta to the four pairs of gills, and passing dorsalwards 
along the posterior face of the corresponding branchial 
arches. 

148. The inferior jugular vein (Fig. 32, 1.7//), an unpaired vein 
bringing the blood from the lower parts of the head : it passes through 
the pericardial cavity to the dorsal side of the heart, and opens into 
the right precaval. 

XXVIII. Remove the heart and observe again the 
relations of its parts (§ 115); then open its 
various chambers by the removal of the left 
wall of each. This is best done under water. 
Observe 

149. The thin smooth walls of the sinus venosus. 

150. The sinu-auricular valve, between the sinus 
venosus and the auricle; it consists of two membranous 
flaps, respectively dorsal and ventral in position. 

151. The thin walls of the auricle, strengthened by a 
network of interlacing muscular bands, the musculi 
pectinati. 

152. The auriculo-ventricular valve, guarding the 
round aperture between the auricle and the ventricle ; it 
consists of two flaps, respectively anterior and posterior in 
position. 
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153. The thick muscular walls of the ventricle, raised 
internally into a network of ndges, the columnee carneee. 

154. The aortic valves, coasibting of two semilunar 
flaps situated right and left, at the junction between the 
ventricle and the bulbus arteriosus. 

155. The thick fibrous walls of the bulbus arteriosus. 

XXIX. Draw the gills of the left sidii downwards, so 
as to feel the muscles (levatores arcuum branchi- 
alium) connecting thena with the skull on the 
stretch ; dissect away these muscles, as well as the 
anterior part of the air-bladder, make out 

156. The branchial branches of the vagus, distributed to the bran- 
chial arcbes in the ;ame manner as in the Skate (p. 81, % 114). The origin 
of [he gastric, cardial^ and cut:ineoub- branches of the vagun amy be seen 
at the Ennie lime, as ivelt as Its exit from, the skull (see § 196). 

157. The glossopharyngeal, dividing, soon aiter its enit from the 
sknll, into two branches, a ppsterioc going to the anterior face of the 
first branchial arch, and an anterior passing at lirst forwards, and then 
downwards, along the inner face of the hyomandihular to the pseudo- 
branch (§ 196). 

158. The lefi epibranchial artery (Fig. 32, ^p.//r), 
lying longitudinally along the dorsal ends of the gill arches, 
and receiving the four efferent branchial arteries 
{ef.br.^, ef.br.''), one from each arch. After receiving the 
last efferent artery the epibranchial trunk passes inwards 
and backwards, and unites with its fellow of ihe opposite 
side to form the dorsal aorta, but just before doing so, it 
gives off a subclavian artery {s.cl) on each side, which 
supplies the pectoral fin. The coeliac {m) and mesen- 
teric ('") arteries (§ 124) arise from the right epibranchial 
just anterior to the subclavian. 

XXX. Cut through the lower jaw, the hyoid, and the 
branchial arches, a little to the left of the middle 
ventral line, so as to leave the tongue intact on 
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the right side ; place the fish in the supine 
position {dorsal surface downwards) and fasten 
out the mandible, hyoid, and gill arches right and 
left, so as to get a good view of the interior of the 
mouth. Observe the following; — 

159. The numerous small premaxillary teeth arranged 
in two symmetrica] sets on the preraaxillre. 

160. The larger mandibular teeth on the lower jaw. 

161. The median crescentic group of vomerine teeth, 
a short distance behind the premaxillary teeth. 

162. The superior pharyngeal teeth, arranged in 
four groups, two on each side, on the anJcylosed pharyngo- 
branchials (§ 57). 

163. The inferior pharyngeal teeth, one group on 
each of the small fifth branchial arches (g 6a). 

164. The small, blunt, non-protmsible tongue, supported 
by the median ventral portion of the hyoid arch. 

165. The absence of posterior nares or spiracles. 

i65. The branchial clefts, vertical fissures between 
the gill arches, five in number, the first being between the 
hyoid and first branchial arches, the last between the fourth 
and fifth branchials. 

167. The gill-rakers, homy filaments acting as strainers, 
attached to the branchial arches, and bounding the margins 
of the clefts. 

168. The greatly constricted aperture of the cesophagus. 

169. The pseudobranchia has been already noticed 
(§ 90) : on removing the mucous membrane, it is seen to 
be a rounded vascular body, resembling the rete mirabile 
in the air-bladder. 

XXXI. Remove a portion of one of the gills on the 
left side, and make out by dissection and trans- 
verse sections 



, The bony branchial arch, supporting the gill 
lalong its whole length, and having a crescentic transverse 
I section. 

I 171, The form and arrangement of the branchial fila- 

ments: each has the form of a right-angled triangle with 
a very narrow base attached to the branchial arch, and with 
the apex free : the hypotenuses face opposite ways in suc- 
cessive filaments, so tliat while the bases of the filaments form 
a single row, their free ends form a double row, each row 
corresponding with a demibranch in the skate (p. 46, § 84). 

172. The complete freedom of the branchial filaments 
owing to the absence of partitions, such as are found in the 
Skate {p. 45, § 83. and P- H §§ 164, 165). 

173. The afferent and efferent branchial arteries, running 
parallel with one another along the outer side of the 
branchial arch, the afferent artery being external: the 
branches of the afferent artery go to the inner sides {hypo- 

I tenuses, § 171) of the gill filaments, the feeders of the effer- 

Ient artery lie along their outer sides. 
z 



XXXII. Kcepiug Ihc dsh in the supine position, dissect away tbe 
pharyngobranchial? of both sides so as lo expose both epi- 
biuncbial arteries ; trace forward the latter, and dissect awsy 
enough of the mucous menihrane to make out the following : 

174. The carotid arteries (Fig. 32, e), continuing forwards the 
■^ihranchial tninlts, and uniting with one another above the paiasphe- 

aoid by a short, slender, transverse tninli, thus completing the circulua 
cephalicus, 

175, The hyoidean artery (Fig. 33, Sy), springing from the ventral 
end of the Grst afferent branchial, and dividing into two branches, one 
of which forms the afferent artery of tlie pseudobranch (/j), while the 
other anastomoses with the epibranchini (efi.ir). 

The blood is collected from the pseudobranch by an efferent {fpkihal- 
mic) artery (op), which, after curving over the corresponding carotid, 
and anastomosing with its fellow of tbe opposite side by a short trans- 
verse trunk immediately in front of the carotid a 
the choroid gland of the eye (§ 178).- 
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i;6. A nerve ninning alongside the hjroidenn artery is the posterior 
or hjomandibular division of the aeventll nerve or portio dara. 
(See % 193.) 

XXXIII. Remove the liyer of transparent integument coveriug 
the exposed surCice oE the eye ; cut away the supraorbilsl 
process of the frontal wilh boae forceps, and, if time permit, 
dissect out the ocular muscles and their nerves, which have 
Iho same essential disposition as in the skate (pp. jj, 78, §§ 191 
—203) ; then remove the eye, dissect away the muscles, &c. sllll 
attached to it, and divide it into inner and outer hemispheres by 
an equatorial incision, passing midway between the pupil and 
Ihe entrance of the optic nerve. Note the following ;— 

177. The cornea, iris, lens, HClerotie, retina, and aqueous and 
vitreous humours, have the usual relations {pp. 84, 85, §§ 224—228). 

17S, The choroid, consisting of three distinct layers ; a black pig- 
mentary layer next the retina, a shining silvery layer next the sclerotic 
and between these a red vascular layer, which undergoes a greit 
thici.ening arcund the entrance of the optic nerve, forming a sort of 
annular cu-'^hion ; this thickening is the so-calted choroid gland. 

179. Aslitinthe retina extending from the blind spot or entrance of 
the optic nerve, along the posterior (outer) side of the eyeball to the 
ora seirata or outer boundary of the retina ; llirongh it extend a deli' 
cate grey fold of the choroid, the processus falciformis, whidi ends 
against the posterior side of the lens in a pyriform enlargement, the 
campanula Halleri. 

XXXIV. The fifth nerve may now conveniently be < 
(% 193); afterwards remove the skin in the neighbourhood of 
Ibe nostrils, and observe 

180. The small nasal sac, communicating with the exterior by tlic 
two apertures already seen (g S6), but having no connection with til 
mouth; its wall is formed hy the delicate, plaited Schneider 
membrane. 

XXXV. Carefully break away the roof of Ihe auditory capsnlod 
as to expose the organ of hearing ; or, better, r 
entu^ auditory capsule, fasten it out firmly under w 
dissecting-dish and dissect it from the itmer or cranial a 
Note 

181. The irregular system of cavities excavated in the bone ■ 
cartilage of the auditory capsule for the membranous labyrinth; I 
separation of these cavities from tiie brain cavity by membrane atdj, I 

182. The membranous labyrinth (Fig. 33), consisting of then 
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veatibule (v) and of the three semicircular canals ; the latter have 
the usual arrangement ; the anierior {a.s.c) and jmsterior (p.s.c) canals 
have their adjacent limbs conHuetit, so that the two canals open by three 
apertures into the vestibule ; the horizontal canal {A,i.c) lies entirely to 
the OBlersideof the vestibule, into which it opens by two separate aper- 
tores, and the anipullx (a) are situated at the actual extremities of the 
canals, those of the aateHoc and horizontal canals being anterior, 
that of the posterior canal posterior, 

183. The two otoliths, one large (i) and shaped something like a 
shell {lagiUa], and the other very small (uj) {asleriscus) lying in a small 
diverticulum of the vestibule, just beneath the ampulla of the posterior 




Flc. 33, — Gadus morrhua. The organ of hear 

r-'--',ch by Mr. G. B. Howes.) 
, vestibule: a.i.c, anterior, /.J.^, posterior, and h 
icircnlar canals : ii,ii,a, ampullit: s, sagilta ; us, ast 



XXXVI. Examine the brain : if a fresh fish is used for 
the purpose and no spirit- specimen is available, 
the verification of the character.'; of the ventral 
surface must be left unt il the origins of the nerves 
have been made out, when the brain may be 
removed : note the following : — 
84. The medulla oblongata (Fig, 34, m.o), or hind- 
most division of the brain, continuous with, and of scarcely 
greater diameter than, the spinal cord. 
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IlE^ dorsal autface is marked with an obscure loagiCudinal furrow, 
continuous wilh the dorsal fissure of the coril, and separating two 
longitudinal elevations, the posterior pyramids, external to which are 
two similar elevations, the reetifami bodies. 

185. The cerebellum (cr/i), a large tongue-shaped 
body, lying on the dorsal side of the medulla oblongata, 
and largely concealing it in a view from above. The medulla 
and cerebellum together form the hind-brain, 

186. The mid-brain, consisting on the dorsal side of 
two considerable ovoidal masses, the optic lobes (o.!), 
and below of a mass corresponding to the crura cerebri 
(f.f), of othtr vertebrate brains. 

187. The fore-brain, consisting mainly of the two; 
cerebral hemispheres (c./i), irregular rounded massed] 
situated just anterior to the optic lobes, and of considerably! 
smaller size than the latter: each hemisphere is marked' 
dorsally with a furrow or stilcus parallel to its inner edgt; 
A small somewhat rhoraboidal area in tlie middle line^, 
between the hemispheres and optic lobes, is all that appean 1 
externally of the 'twixt-brain or thalamencephalon,. 
above ; below it is constituted by two somewhat bean-shaped 
bodies, the lobi inferiores (/./'), and the infundibalum 
(in), lying between them {see§ 205). On slightly separating 
the hemispheres they are seen to be united by a delicate 
transverse commissure (ivw) passing between their inner faces. 

188. The pituitary body {//), a rounded vascular mass, 
of deep red colour, situated in the middle ventral line 
immediately beneath the thalamencephalon. 

189. The olfactory lobes (o//), two rounded bodies, 
each about two-thirds the diameter of one of the cerebral 
hemispheres, situated in close contact wilh the hinder walls 
of the nasal sacs, and connected by delicate nerve-like c«di 
(I) with the corresponding hemispheres: the coimectiiig 




I 

^B Fig, 34. — Gadua morrhua. The tram, A, from above ; B, from 

^niQiealb ; C from the left side; D, longitudinal vertical section; £, 

^nrith Uie ventricles laid open from above, by the removal of the greater 

^ part of the cerebellum (rri) and of the oplic lobes (0./); the cerebral 

hemispheres are also cut through horizontall]! to show the absence of 

lateraj ventiicles, and the commissure (.eni) by which the hemispheres 

are united (nat. sue). 

aj.i, aqueduct of Sylvius ; c.c, crora cerebri ; f J, cerebral hemis- 
pheres : im, commissure between hemispheres : cm', commissure be- 
tween ]obi poateriores : cri, cerebellum : /, G, fornix of Gottsche : in, 
i rrfnndibulnm : l.i, lobi inferiores : /./, lobi posleriores : tn.p, medulla 
oblon^tn) e,l, optic lobes: b//, olfactoiy lobes://, pituitxiy body: 
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l.s, tori semicircnlares ; v.'i, ttird ventricle; w.4, fourth ventricle : i, 
valve-like flap covering anterior part of aquedact of Sylvius: /, 

Eedunclcs of olfactory lobes : IT, optic nerve : ///, third nerve : IV, 
jurth nerve ; V, fifth nervo : V^, orbitonasal nerve ; V^, majdllfljy 
nerve : V^'', palatonasal nerve : V\ mnndibular nerve ; V=, cutaneiu 
t|uinli ; VI, sixUi nerve : VIZ, seventh nerve : VIJI, auditory nerve; 
IX, glossopharyngeal ; X, vagTia : X'^, conuuisaiue between fifth and 
tenth nerves. 



cords are single in the anterior, double in the posterior jiart 
of their course. 

190. The large strap-like optic nerves (II), arising 
from the ventral surface of the brain, immediately in from of 
the optic lobes : they pass at first directly forwards, then 
cross one another, the right nerve going to the left eye, and 
vice versd : they make their exit from the cranial cavity 
through foramina in the membranous side-walls of the 
skull. 

191. The third pair of nerves {oculomotor. III), 
arising from the ventral surface of the mid-brain, external to 
the lobi inferiores and passing to their foramina in the mem- 
branous wall of the skull some distance posterior to the 
optic foramina. 

192. The delicate fourth pair of nerves (pathetic, IV), 
arising from the dorsal surface of the brain, between the 
optic lobes and the cerebellum, and leaving the skull a litde 
above the optic foramen. 

193. The fifth (trigeminal, V) and seventh (facial or 
portio dura, VII) nerves, arising together from the anteiior 
part of each side of the medulla oblongata, and leaving the 
cranial cavity by the trigeminal notch in the prootic (§ 27). 

The fifth nerve early divides into the three characteristic divisions ; 
Ihe first of these (orbitonasal, V) passes forwards and upwards along 
r the optic nerve, and supphes the puis 
vision (maiUlaiy, V=^) passes oulwwds 
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and forwards, Ihe greater pa.rt of it gning to the upper jnw ; a branch 
given off near its origin (paJatooasal, Y-^) goes directly forwards, 
parallel with and close to the paraspheooid : the third division (mandi- 
bular, V3), passes forwards, downwards, and outwards to the lower jaw, 
upon reaching which it divides into two chief branches, one passing 
above, the other below Mecliel's cartilage. The cutancus qninti (V';) 
arises from the main trunk. The seventh nerve lakes a direction out- 
wards, downwards, saA backwards, and soon divides into two branches 
which pass through the two foramina in the hyomandibular (S 40) : the 
anterior of these divisions soon divides again, the hiadermost branch 
going to the operculum, the other (chorda tympani) to the lower jaw : 
llic posterior division lakes a curve inwards, backwards, and down- 
wards, reaches llie imier side of the eplhyal, and passes along the inner 
iaix of the hyoidcan arch. 

194. The sixth pair of nerves (abducent, VI), each 
arising by two delicate roots from the ventral surface of 
the medtiUa oblongata. 

195. The eighth pair of nerves (auditory, VIII), each 
arising by three large roots from the lateral surface of 
the medulla ; these pass directly outwards to the auditory 
organ. 

196. The ninth (glossopharyngeal, IX) and tenth 
(vagus or pneumogastric, X) nerves, arising together 
from the lateral surface of the medullaj the vagus arises by 
two large roots which pass outwards and backwards and 
join one another just before leaving the cranial cavity; the 
glossopharyngeal arises by one main root, a little posterior 
to the anterior root of the tentJi, to the ventral side of 
which it passes to make its exit from the skull. 

On leaving the skull, the glossopharyngeal divides intotwo branches, 
the anterior and smaller of whidi goes to the pseudobranehia, the 
posterior lo the anterior face of the first branchial arch. 

The vagus, on leaving the skull, sends off branchial nerves which 
supply the branchial arches in the same manner as in the skate (p. Sr, 
% 314), it then divides iota two trunks, one passing veatralwonls and 



r 
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supplying the heirt and stomacTi, the other becoming the lateral or 
cutaneous nerve, tbe dLslribullon of which has been already seen (S99). 
The anterior root of the vagus gives oiTa small nerve: which joi 
cutancus quinti (X'=). 

XXXVII. Lift up the cerebellum and cut it away close 
to its attachtnent ; note 

197. The dorsal surface of the medulla oblongata, and 
the cavity (fourth ventricle, v. 4) inclosed between itand 
the cerebellum. 

198. The lobi posteriores {l.p), a pair of rounded 
elevations on the anterior part of the floor of the fourth 
ventricle, and between them a large transverse commissure 
{ciii) passisg from one side of the medulla to the other, 
and in a dorsal view giving the fourth ventricle the appear- 
ance of two distinct cavities ; that these are continuous may 
be seen by passing a guarded bristle beneath the commissure. 

XXXVIII. Carefully lift up the posterior edges of the 
optic lobes and remove enough of them to display 
thoroughly the cavity thus laid bare : observe 

199. Tiie optic ventricles, large cavities in the optic 
lobes, continuous with one another in the middle line so 
as to form in reahty a single cavity ; the roof of this, just 
removed, is very thin, its floor extremely thick. 

2QO. The tori semicirculares {t.s), two somewhat 
kidney-shaped elevations, situated, one on each side on the 
floor {crus cerebri) {c.c) of the optic ventricle. 

201. The fornix of Gottsche {/.G), a somewhat shield- 
shaped mass, situated between the tori semicirculares, and 
formed as an infolding of the posterior wall of the optic 
lobes. 

202, A valve-like plate of nervous matter [x), formed as 
an infolding of the anterior wall of the optic lobes, and 
overlapping the anterior end of the fornix of Gottsche. 
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203. The aqueduct of Sylvius {aq,s) a median pas- 
sage continuous behind with the fourth ventricle and covered 
by the fornix of Gottsche ; it is best made out by passing 
a guarded bristle forwards from the fourth ventricle and 
then removing the fornix of Gottsche; it is in free com- 
munication with the optic ventricle. The anterior end of 
the aqueduct of Sylvius is all that represents the third 
ventricle {v. 3). 

XXXIX. Make a longitudinal vertical section of 
another brain, and observe 

204. The relations of the parts already seen, particularly 
those of the fourth ventricle, aqueduct of Sylvius, and optic 
ventricle. 

205. The downward continuation of the rudimentary third 
ventricle in front of the anterior truncated termination of the 
crura cerebri ; in this way the infundibulum (/>/) is formed ; 
it extends backwards and downwards between the lobi in- 
teriores, and to its anterior and inferior wall the pituitary 
body is attached. 



THE LIZARD.i 

The Green Lizard (Lacerta viridis). 

The Sand Lizard (Z. agilis). 

The Scaly Lizard (Zootoca vivipara). 

(A).— THE SKELETON. 

L The skeleton of the Uzard may be prepared either 
by maceration, i,e, by allowing the roughly cleaned 
bones to soak in water until the remaining tissues 
are decayed, or by plunging for a few seconds 
into boiling water : in either case, the muscle, 
connective tissue, &c., still adhering, is afterwards 
dissected off until the bones are clean. It is 
advantageous to have two skeletons : in one the 
bones, with the exception of the skull, are not 
separated from one another, and the whole 
skeleton is set out and dried in the natural posi- 
tion : the skull should be removable, and it is as 

^ The following description applies strictly to the Green Lizard, 
which although not an actual British species, is very common in Jersey ; 
it is larger than the indigenous fonns, and is readily obtained of the 
dealers in natural history objects. The distinguishing characters of the 
three lizards will be found on p. 156, § 124. 



THE LIZARD, 131 

wel! to make a longitudinal vertical section of it 
with a fret-saw. In the other skeleton the bones 
should be disarticulated, the vettebKe being strung 
on a string or wire, as separated, so as not to 
disturb their order, and llie other bones placed 
out in proper position on a card : the skull 
should be boiled for I to } an hour, and its con- 
stituent bones gently pulled apart. This second 
skeleton will of course bear more prolonged macera- 
tion or boiling than the first or " natural" skeleton- 
In both cases ihe hyoidean apparatus (§ 79-83 
IS. 39-40), must be dissected out with great care, 
as it partly consists of delicate cartilages : con- 
siderable care is also required in cleaning the 
sternal ribs (§ 23). For the study of the chondro. 
cranium a specially prepared skull is necessary: 
{seeSVI. p. 143-) 
II. Observe the general composition of the skeleton 
as follows : 
(. The vertebral column, consisting of numerous 
separate vertebrae, divisible into (a) a cervical region 
of eight vertebrre, forming the skeleton of the neck ; (i) a 
thoraci CO -lumbar region of twenty-two vertebras, forming, 
with the ribs and sternum, the skeleton of the trunk : (c) a 
sacral region of two vertebrje, giving attachment to the 
pelvis : and {J) a caudal region, consisting of a variable 
number of vertebriB supporting the tail. 

2. The skull, articulated to the first cervical vertebra, 
and consisting of (a) the brain-casc and upper-jaw: 
(/j) lower.ja^, composed of two separate rami ; and (c) 
the hyoidean apparatus supporting the tongue. 

3. The ribs, springing in pairs from many of the vertebras ; 
they become marked in the (josterior cervical region, attain 
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their maximum size in the anterior thoracic region, where 
they are united to the sternum (§ 4), and undergo a gradual 
reduction in size in the posterior thoracico-lumbar region. 

4. The sternum and shoulder-girdle, together forming 
an inverted arch pf mingled bone and cartilage in the 
anterior thoracic region, to the vertebrae of which the sternum 
is united by ribs. 

5. The fore-limb, articulated to the shoulder.girdle. 

6. The pelvis or hip.girdle, attached to the sacral 
vertebrae. 

7. The hind-limbs, articulated to the pelvis. 

III. Observe the following points in the vertebral 
column : 

8. The characters of one of the anterior thoracic vertebrae : 
it consists of a ventral cylindrical portion, the centrum, 
concave in front, convex behind (proccelous), from which 
rises up on each side a vertical plate, the neural process 
or neurapophysis : this, uniting with its fellow in the 
middle dorsal line, incloses the neural arch, which is 
produced at its apex into a short, backwardly directed 
neural spine. 

9. The zygapophyses, horizontal processes, two anterior, 
given oflf one from each side of the anterior border of the 
neural arch, and two posterior, similarly related to its posterior 
border : the anterior pair bear smooth articular facets on 
their dorsal surfaces, the posterior pair on their ventral 
surfaces. 

10. The capitular facets, one on each side of the 
vertebrae, at the junction of the centrum and neural arch 
and close to the anterior border of the latter : they serve for 
the articulation of ribs. 

11. The mode of articulation of successive vertebrae: 
each fits by the concave anterior face of its centrum against 
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the convex posterior face of the centrum next in front, 
while its anterior zj^apophyses are overlapped by the pos- 
terior xygapophyses of the preceding vertebra. 

12. The intervertebral foramina, .spaces between the 
neural arches of successive vertebrse, due to the fact that 
each neurapophysis is notched, slightly in front, more deeply 
behind. 

13. The cervical vertebrae, with the exception of the 
first two, resemble the thoracic in essential respects, but are 
proportionally shorter from before backwards. 

14. A sub-vertebral wedge-bone (autogenous hy- 
papophysis) is developed in connection with the ventrai 
face of the centrum of the third cervical vertebra at its 
anterior end : it forms a small downwardly directed process, 
its anterior face furnishing part of the concave anterior 
surface of the vertebra. 

15. The second cervical vertebra or axis, distinguished 
by the short conical odontoid process projecting forwards 
from the anterior face of its centrum, and constituting 
a separate ossification or os odontoideum. The axis, 
like the succeeding vertebra, has a sub-vertebral wedge-bone, 

r6. The atlas, or first cervical vertebra, a ring-like bone, 
consisting of three separate ossifications, one ventral, re- 
presenting part of the centrum, the others dorso-lateral, 
representing separate neurapophyses ; between the latter 
stretches, in the fi'esh state, a transverse horizontal ligament, 
the space above which represents the neural arch of the 
atlas, while between it and the ventral ossification fits the 
odontoid bone, representing the dorsal portion of the 
centrum of the atlas. The anterior face of the atlas presents, 
ventrally, a smooth articular facet for the occipital condyle 
of the skull (§ 31). 

17. The posterior thoracico-liimbar vertebras differ but 
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little from the anterior or true thoracic, save for the fact that 
their centra are somewhat shorter. 

1 8. The sacral vertebrae, distinguished by their short 
centra, and by the presence of large, expanded, outwardly 
directed transverse processes, against which the ilia 
(§ loi) abut: these processes are formed as distinct 
ossifications, and represent sacral ribs. The curvature of 
the posterior face of the centrum of the first, and of the 
anterior face of the centrum of the second sacral vertebrae, 
is somewhat less marked than in the other vertebrae : the 
posterior convexity of the second sacral is more than usually 
pronounced. 

19. The anterior caudal vertebrae resemble the sacral, 
but have longer centra, slenderer transverse processes, and 
longer neural spines. 

20. The chevron bones, attached to the ventral faces 
of the centra of many of the anterior caudal vertebrae : each 
is Y-shaped, the paired upper limbs of the Y articulating 
with facets immediately beneath the posterior convexity of 
the centrum, while the stem or lower-limb is free and takes 
a direction downwards and backwards. 

21. The posterior caudal vertebrae undergo a gradual 
simplification of structure towards the distal end of the tail, 
being finally reduced to small rod-like centra. 

In all the caudal vertebrae but a few of the anterior ones, there is 
a transverse vertical zone of the centrum which remains unossified, and 
along which the vertebra readily separates : many lizards lose their 
tails by the parting of the tissues across one of these weak places, and 
a new tail is formed, the supporting axis of which is not divided into 
vertebrae, but consists of an unjointed calcified rod. 

IV. Make out the characters of the ribs and sternum 
as follows : — 

22. The sternum, (Fig. 39, p. 157, sf)y a rhomboidal plate 
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I cartilage, with a small central fontanelle, and produced 
Bteriorly into two slender fiattcncd cornua (si') : with the 
tero-lateral edges of the sternum the shoulder-girdle 
jculates {§ 84), to its posterolateral edges and cornua the 
jimal ribs axe united (§ 23). 
23. The five anterior thoracic ribs : each consists of a 
uursal bony portion (vertebral rib) articulated to the 
corresponding vertebra by an undivided head, and of a 
■ventral cartilaginous portion (sternal rib) attached to the 
sternum. The first three sternal ribs are united with the 
postero-lateral edges of the steraum, the fourth and fifth 
with its cornua (see Fig. 39). 

24. The posterior thoracic ribs do not meet the sternum, 
and undergo a gradual diminution in size from before back- 
wards, the sternal rib being finally reduced to a small 
cartilagmous tip to the vertebral rib (see Fig. 39). 

zg. The cervical ribs, occurring in connection with all 
but the first three cervical vertebrte : those belonging to the 
fourth and fifth vertebrae are short and flattened, the others 
resemble the thoracic ribs, but do not reach the sternum, 
V. In the slcull, note— 

26. Its general shape : it has a somewhat pyramidal form, 
the base of the pyramid being represented by the hinder 
surface, tlie apex by the anterior extremity. 

27. Its dorsal surface is formed by a large number of 
roofing bones, in which it is often difficult to distinguish 
the sutures or lines of junction between the bones from 
the depressions marking the insertions of the overlying 
epidermic scales. 

aS. The roofing bones are continued over the lateral 
surfaces of the skull, bounding the orbits or cavities for the 
eyes, and joining with the bones which constitute the- 
alveolar margin along which the teeth are ranged, 
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29. On either side of the anterior extremity of the slolla 
an aperture, the anterior nasal fossa, in which, 
uiidried skull, are seen the cartilages bounding the exte 
nares (§ 70, Fig. 37). 

30. The foramen magnum (Fig. 37, f.m), a medii 
rounded aperture on the hinder surface of the skull. It 
into the brain cavity. 

31. The occipital condyle (Figs. 35 and 37, o.f), 
rounded surface beneath the foramen magnum, articulatJl 
with tlie alls'!. 

32. The posterior temporal fossae, two large vacuitie 
one on either side of and above the foramen magnum 
are bounded above and on the outside by the roofing bones, 
and on the inner side by the bones which limit the foramen 
magnum and form tlie actual roof of the brain cavity. 

33. The parotic process (Fig. 37, p.oc), a horizonfal 
bar of bone, extending on each side directly outwards from 
ihe side wall of the brain-case and bounding the posterior 
temporal fossa below : the part of the wall of the brain-case 
from which it springs lodges the organ of hearing, and is the 
auditory capsule. 

34. The posterior nasal fossa, small paired aperture* 
on the ventral surface of the snout, at about the level of the 
front edge of the orbit. 

35. Tiie palatine foramen, a large oval aperture, on 
each side, just behind the posterior nasal fossa, and internal 
to the hindermost teeth. 

36. The inferior temporal fossa, a large vacuity, 
separated by a bony bar (the transpalatine, § 6r) from 
the 5)a!atine foramen, and bounded externally by a number of 
small scale-like bones which continue backwards the 
alveolar margin. 

37. The glenoid surface, for the articulation of the 
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jaw ; a pulley-shaped surface, forming the hinder angle 
: inferior temporal fossa, and borne by a curved bone 
lie quadrate (§ 53). 

38. The basis cranii, a broad plate forming the floor of 
; brain-case, and continued forwards in the perfect skull 
r the interorbital septum (Figs. 35 and 37, i.o.s), a 
late of cartilage forming a median vertical partition between 
e orbits {§ 69). 




Fio, 35.— Lacerta agilis. Longitudinal vertical section of the 
iltuU (after W. K. Parlier, slightly altered) X 4- Tlie carlilaBiiious 
larts are distinguished by dotting, the membtanous spaces by croBs- 
tiatching. 

a!s, alisphenoid : f.c, basioccipital: ^.//, basipterygoid : b.s, basi- 
sphenoid : e.o, enoccipital : tf.o, epiofie ; e.pt, epipterygoid : jb, fon- 
lanelle: fr. frontal : i.a,s., interorbital septum : tia, nasal : c.c, occi- 
pital condyle : i^.a, opisthotic : pa, parietal :/a,j, pirasphenaid -.p-Jitx, 
premaiiilla : pr.0, prootic : i.mx, seplo -maxillary ; s.n, septum nasi: 
s.o, supraoccipital : vo, vomer . I — Xll, foramina for exit of the cere- 
bral nerves. 



39. The tympano-eustachian fossa, a depression just 
external to the basis cranii and bounded by tlie (juadrate : 
against its dorsal wall lies a small rod of bone, the 
columella auris (5 65, Fig. 36). 



4a. Tbe parictals (F% 35, ^), flat paired bones, faetA 
togetbain tbe inicid]e line, and formn^ tbe posterior medun 
portion of the skull roof: ihey are peribnted in the mid^ 
line by a small aperture or fontanelle (/a) : each parietal 
sends off from its postero-extemal angle 3 pnx^ss which 
passes outwards, don>-iiwards, bactwaids, and comes in con- 
lact with the outer end of the parotic process. 

41. The frontals (^r), immcdiateiy in front of the 
parietals, to which they ate articulated by a sttaighl 
transverse coronal sutore : anteriorly thej* terminate at 
about the level of the front border of tbe orbit : they are 
separated from one another by the delicate median frontal 
suture : in fronteach frontal gives off a descending process, 
which, passing vertically downwards, forms part of ihe 
anterior wall of the orbit 

42. The nasals (na), paired bones extending from tbe 
anterior border of the frontals to the posterior border of tbe 
anterior nasal fossa. 

43. The premaxilla (/.ra-v), a median bone forming the 
extremity of the snout : it consists of an alveolar portion 
bearing the four anterior teeth of each side, and of a nasal 
process, which extends upwards, between the anterior nasjl 
fossK, to meet the nasals. 

44. The maxillsE, paired bones, continued backwards 
from the outer ends of the premaxilla along the sides of t^*^ 
skull : each consists of an alveolar portion bearing th^ 
remainder of the teeth, a narrow palatine plate, exiendJP^ 
horizontally inwards from the bases of the teeth, and »** 
ascending process, which extends upwards between the ort'*' 
and the anterior nasal fossa, articulating with the nafi^^ 
and prefrontal (§ 48), and forming the lateral wall of t** 

45. The jugals, paired bones, each articulated to iJ*' 
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^V corresponding maxilla, and forming the posterior half of 
^P the ventral boundary of the orbit, and the ventral half of its 
posterior boundary : a process of it extends forwards, within 
the maxilla, almost to the anterior boundary of the orbit : 
its posterior inferior region is produced into a blunt, back- 
wardly-directed spur (see § 47). 

46. The postorbitals, roofing bones, articulating one 
with the outer border of each parietal. 



1 



47. Between the outer border of the postorbilal, the anli 
I of the quadrate, and the posterior border of the jngal, lie . 

anil, irregular, scale-Ulte bones, which form a continuous bony sheet 
f behind the orbit, covering the posterior portion of the jugal, to sec which 
hey must be removed. 

48. The prefrontal, a small bone, intercalated on each 
side between the anterior lateral region of the frontal and the 
ascending process of the maxilla, and extending downwards 
to the anterior border of the orbit. 

49. The supraorbitals, two rows of small bones form- 
ing the upper boundary of each orbit : the inner row, 
articulating with the outer border of the frontal, and extend- 
ing between the prefrontal in front and the postorhital 
behind, consists of four bones, of which the foremost and the 
hindmost are considerably smaller than the intermediate 
ones ; the outer row consists of five small bones, the 
hindmost of which forms the upper part of the posterior 
border of the orbit, while the others bound its dorsal 
border, 

50. The lacrymal, a small bone perforated by an 
aperture for the lacrymal duct, situated just within the 
anterior boundary of the orbit, and articulating externally 
with the ascendirig process of the maxilla. 

51. The s up rat em p orals, two bones on each side, of 
which the first overlaps the posterior edge of the postorbital. 
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while the second is a small sickle-shaped bone, closed 
applied to the outer surface of the external process of thi 
parietal. 

51. The squamosal, a similar bone to the second c 
hinder post-temporal : it lies external to the latter and 
beneath the first post-temporal, which must be removed ti 
show it. 

53. The quadrate, a stout bone articulating dorsal^ 
with the parotic process, and furnishing at its distal end the 
glenoid surface for the articulation of the mandible ; it is 
strongly curved, convex anteriorly, and hollowed out behind, 

54. The basioccipital (Fig. 35, &.a), a median bonff 
forming the posterior part of the basis cranii, and fumishinf^ 
the middle third of the occipital condyle {o.c). 

55. Large paired bones forming the lateral boundaries' 
of the foramen magnum, furnishing the outer thirds of the 
occipital condyle, and continued outwards as the parotic 
processes : each consists of the ankylosed exoccipital, (e.e) 
(posterior portion), and opisthotic {op.o} (anterior portion). 

56. A median bone completing the foramen magnum 
above, and continued upwards as the vertical sagittal 
crest to the parietals : the median portion of this bone it 
the supraoccipital (s.o), its lateral portions represent the 
epiotics (ep.u.). 

57. The prootics {pr.o), paired bones continuing fot 
wards the combined exoccipitals and opistholics with whidi 
they articulate posteriorly, thus forming the anterior half o 
the side walls of the brain-case : above they articulate wid 
the epiotics. 

58. The pro-, epi-, and opisthotics together fonn 1 
auditory capsule : the cavities for the three aeml 
circular canals can be seen through them (Fig. 37, a 
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59. The baaisphcnoid {Fig, 35, i.s), continuing forwards 
the basioccipilal, \iith which il articulates by a straight 
transverse suture, and thus forms the front half of the basis 
cranii -. its lateral edges give off the outstanding baaiptery- 
goid processes (i.//), its front edge is continued into 
a delicate bony style, the parasphenoid {paj), which 
underlies the posterior portion of the interorbital septum. 

60. The pterygoids, elongated paired bones on the 
ventral surfaces of the skull, forming the inner boundaries 
of the inferior temporal fossse : each articulates with the 
corresponding basipterygoid process, is continued back- 
wards and outwards as a process which apphes itself against 
the inner face of the quadrate, and is continued forwards 
to about the middle of the inner edge of the palatine 
ibramen, sending off at the hinder boundary of that fora- 

;hort, outwardly directed process. 

61. The transpalatinCj or os tratisversum, a stout 
bone extending between the maxilla externally and the 
pterygoid internallyj and forming, with the process of 
the latter mentioned at the end of the last paragraph, 
the postero-eKternal boundary of the palatine foramen. 

L 6z. The palatine, a flat bone continuing forwards the 
pnterior process of each pterygoid, and with it completing 
the inner boundary of the palatine foramen : anteriorly 
it sends a process outwards to the maxilla, thus completing 
the palatine foramen in front, and is continued forwards 
for a short distance, furnishing the hinder boundary of the 
posterior nasal fossa. 

63. The vomers (vo), paired bones lying close to one 
another in the middle line, in front of the palatines, by 
which they are embraced posteriorly, while in front they 
articulate with the premaxilla and maxilla ; they are strongly 
convex below, concave above. 
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64. The epipterygoid (e.pc.) (so-called columella), 

slender rod of bone, lying- just in front of and external 
the anterior edge of the prootic : below it articulates v 
the pterygoid, above with the prootic. 

65, The columella auris (Fig. 36), a small rod >■ 
combined bone and cartilage, lying in the dorsal wall of tl 
tympanic recess : its inner end is inserted into the fene: 
ovalis, a small aperture between tlie prootic and opisthotie 
while its outer end is, in the entire head, fixed to the innt 
surface of the tympanic membrane. 




Fig. 36.— Lacerta agilJB. The columella autia (after W. K. I 
X 14. The cartilaginous parts are dotted. 

ejt, extra ' stapedial : i.sl, iii£ra-st3pedial : ni.sl, inedia-ata[ 
s.sl, ijupra-stapedial : si. stapes. 

The columella auris consists of tliE following distinct parti 
are only to be mide out by careful dissection of sd entire head : {a) tkt 
stapes, (if), a small cortilagioous nodule in the fenestra avails : [i) the 
roedio-stapedlal {rii.sr), a bony bar connected with the stapes, 
ossification from it extending into the latter ; (i-) a cartilaginous 
continuous with the dislal end of the medio -stapedial, sending offi 
downwardly directed process, the infra-stapedial \i.ifj, and 
at its outer or free extremity into a bar set transversely to the resCol 
columella like the head of a hannmer : the lower somenhat pointed 
of thisbiu-is the extra- stapedial {t.st) ; its dorsal extremity, the sal 
stapedial {i.sl) is blunt and rounded, and gives off a ^Tocess nl 
becomes connected with the auditory capsule. 

66. The vagus foramen (Fig. 35, IX, X, XI,), a 

aperture in the combined exoccipital and opisthotie, 
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and below the fenestra ovalis, and serving for the passage 
of the 9th, loth, and nth cerebral nerves: the 12th 
nerve makes its exit by two small condylar foramina in 
the posterior part of the exoccipital (XII), 

67. A notch (V) in the anterior border of the prootic, 
I converted into a foramen in the complete skull by the 
1 membranous side-walls of the anterior moiety of the brain- 
rcase {§ 69); it transmits the sth and 7th nen'cs : behind 
f and below it and also in the prootic is the internal 
[ auditory meatus for the exit of the Sth nerve (VIII). 

VL The foregoing sections, with the exception of the part of § 65 
in small type, can be made out on the dried skull : for the 
following sectioDS prepare a second akuH with great core, 
giving special attention to the preservation of the interorbital 
septum : boil it in water for a few minutes, and then carefully 
remove the roofing bones, the premaxilla, maxilla, vomers, 
palatines, transpalatines, and pterygoids : note 

68. By the removal of the above-mentioned membrane-bones, the 
I primordial skull or chondio cranium (Fig. 37) is left, and is seen 

artilage containing certain endi^euous ossifications or 
L cartilage bones, namely the basi-, ex-, and supi'aoccipital, the basi- 
I sphenoid, and the pro-, epi-, and opistliotic. 

69. The interorbital septum (Figs. 35, 37. i.o.j), amedian vertical 
I plate of cartilage continued forwards from the anterior border of the 
■'tisisphenoid to the junction of the palatines and vomers, whence it 
F farther extends as the septum nasi (s.a) to the end of the snout, 

forming [he partition between the nasal sacs ; the dorsal edge of the 
interorbital septum closely underlies the anterior part of the brain, 
and gives off, on each side, a partly cartilaginous partly membranous 
plate, directed upwards and outwards, which, uniting behind with the 
prootic, above with the skuU roof, sad in front with the descending 
processes of the frontals, furnishes a side-wall to the anterior part 
of the brain-case : the interorhital septum and its wings have in trans- 
verse section the form of a Y. Paired ossifications in the posterior part 
of the membrano-cartilagi nous skull walls represent the alispbenoids(ii/.j). 

70. The nasal capsules (Fig. 37, na), rounded cartilaginous eaclo- 
mres, lying one on either aide of the septum nasi, of which they are lateral 
developments ; each coDsiats of a roof which springs from the dorsal edge 
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Fig. 37.— Lacerta viridis. The chondrocranimn i . ,_. 

W. K. Parker) X 4. The caxtilaginous pans are dotted, the mem- 
branous spaces cras3-hatclied. 

o/.j, aliaphenoid ; a.sx, position of anterior semicircular canal : im, 
external nares ; tp, epiotic : e.pi, epipteiygoid : f.m, foramen uiagnnm* 
fa, fontanelle: h.s,e, position of horizontal semicircular canal: i.s\ 
interorbilal septam : na, nasal capsule : o.c, occipital condyle : /.«, 
parotic process : pr.o, prootic : p.s.c, position of posterior e" ' ' '"' 
canal : s.n, septum nasi : s.o, Eupraocdpitol. 



forated by the anterior nares in front, by the posteiior nares belovf, 
by the foramen for the olfactory nerve behind, and above by a cres- 
centic slit, the olfactory fenestra. 
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^^H 71. A cartilaginons process, the infcdor turbinal, passes mw.iids 
^^Ht>m the anterior pnrt of the lateral wall of the olfactory capsule, 
^^Bsd serves to increase the suiface of the olfactory mucoas membrane. 
^^^ 7z. The septo-maxillaiy (Fig. 35, j.mj:), a small (paired) nodule 
of bone, attached to the side of the nasal septum near its anterior 

VIL In each ramus of the mandible make out the 
following bones ;— 

73. The articular, fonning the proximal end of the 
jaw, and furnishing both the cavity for articulation with the 
quadrate, and the backwardly produced angle or angular 
process of the mandible : from its anterior or distal end, 
which is enclosed in a sheath formed by the dentary (§ 76} 
the slender Meckel's cartilage is continued forwards 
to the symphysis or point of junction of the two rami. 

74. The angular, a splint-like bone covering the ventral 
edge and the lower half of the outer surface of the articular, 
but leaving the angular process exposed. 

75. The supra-angular, similarly related to the dorsal 
edge and the upper half of the outer surface of the articular. 

76. The dentary, forming the main part of the distal 
portion of the mandible and bearing all the teeth. 

77. The splenial, a flat splint applied to the inner face 
of the dentary, and fitting, at its hinder end, into a notch 
tetween the articular and the angular. 

78. The coronary, a small somewhat conical bone, 
forming the upwardly directed coronoid process im- 
mediately behind the last tooth : it articulates with the 
articular, dentary, and splenial. 

VIII. The hyoid apparatus ^Figs. 39 and 40) consists 
of the following parts ; — 
79. The body of the hyoid or basi-hyal (Fig. 40, 
6.//}'), a median flattened rodof cartilage, pointed in front. 
So. The anterior cornua (a.co), paired rods of cartilage, 



extending from the basi-hyal at first outwards and forwards, 
and then, almost immediately, outwards and backwards, 
curving round the gullet, and finally coming in close 
contact with the ventral surface of the auditory capsule. 
The short ventral portion of the anterior cornu is the 
hypo-hyal, the next considerably expanded portion is 
distinguished as the cerato-hyal, the dorsal slender pan 
is the stylo-hyal. 

81, The middle cornua {m.co), paired rods springing 
from the basi-hyal just posterior to the anterior comua, to 
which they run more or less parallel : the proximal ends are 
ossified. The middle comua represent the first branchial 

8i. The posterior cornua (j).co), paired cartilaginous 
rods, springing from the posterior edge of the basi-hyal, and 
passing backward and slightly outwards : ihey represent the 
hypo-branchial region of the second branchial arch (see 
description of the skate's branchial arches p. 38, § 41). 

83. A small curved ca.rtilaginDUs rod attached by fibre to 
the dorsal end of each middle cornu : it probably represenls 
the dorsal or epibranchial region of the second branchial 

IX. In the shoulder-girdle note 

84. The coracoids (see dotted outline in Fig. 39), fhi 
paired bones articulating with the antero lateral edge of the 
sternum : each furnishes the central half of the glenoid 
cavity for the articulation of the humerus, and is divided 
by a large fenestra into an anterior bar, (he precoracoid, 
and a posterior portion, the coracoid proper. 

85. The scapulec, articulating each with the outtt 
extremity of the corresponding coracoid, and forming Hx: 
dorsal half of the glenoid cavity. 

S6. The supra scapulae, continuous with the expanded 
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dorsal extremities of the scapula, and passing inwards 
towards the vertebral column : they expand gradually to the 
dorsal edge, and consist, like the sternum, of partly calcified 
cartilage, the remainder of the shoulder-girdle being formed 
of true bone. 

87. The inter clavicle, a cruciform bone, having a long 
posterior limb directed backwards over the ventral surface 
of the sternum, a short anterior limb, and long lateral limbs 
passing directly outward a little anterior to the level of the 
glenoid cavities. 

88. The clavicles, flat curved bones, articulating in the 
middle central line with one another, and with the anterior 
limb of the interclavicle, and passing at first directly 
outwards, then outwards and upwards to the anterior border 
of the suprascapula to which they are united by fibrous tissue. 

X. In the fore-limb make out the following : — 

89. The general composition of the limb : it consists of 
a proximal division (skeleton of fhe brachiuro, §117) con- 
taining a single bone, the humerus ; a middle division 
(skeleton of the antebrachiura), containing two bones, 
a smaller, internal, the radius, and a larger, external, the 
ulna ; and a distal division the manus, consisting of a 
carpus or wrist, and of five digits. 

90. The position of these parts : the humerus is directed 
from its proximal or attached end, backwards, upwards, and 
outwards ; the ulna and radius pass, from their articulation 
with the humerus, downwards and slightly forwards; the 

I manus has its digits directed forwards and outwards, 

91. If the limb is extended at right angles to the long 
ixis of the trunk, it presents a dorsal and a ventral 

I Surface, an anterior or pre-axial and a posterior or 

Ipost-axial border; the radius is then seen to be pre- 

ixial and the ulna post-axiaL In the ordinary position ;he 



pre-aj(ia1 border of the humenis is external, and in the fbre- 
ann, the distal end is rotated in such a way that while the 
prc-axial border looks fonvards and outwards at the 
proximal end of the fore-arm, it looks directly inwards at 
its distal enJ : the manus, being rotated with the fore-ann, 
has its iire-axial border inwards. 

92. The humerus, an. elongated bone, consisting of a 
shaft of true bone and of proximal and distal extremities or 
epiphyses of calcified cartilage. Its proximal end or 
head is rounded, and articulates with the glenoid cavity: 
on the jire-axial or radial border the shaft is produced into 
a large process, the radial tuberosity, on its post-ariaJ 
or ulnar border into a smaller ulnar tuberosity, the latter 
being partly formed by the proximal epiphysis. At the distal 
end of the humerus is the puliey-like trochlea, dividedj 
into a smaller radial and a larger ulnar articular surface; 
distal end of the shaft has its pre-axial border produced ii 
the external or radial condyle, its post-axial border into' 
t'le internal or ulnar condyle, both processes im- 
mediately pro.\imal to the trochlea. 

93. The radius, a slender bone consisting of an ossified 
shaft and of two calcified epiphyses : the proximal end or 
head is disc-shaped and slightly excavated for articulation 
with the humerus, the distal extremity is wide from side to 
side, concave for articulation with the carpus, and produced 
pre-axially into the radial styloid process. 

94. The ulna, also formed of shaft and epiphj-ses ; its 
proximal end is produced into a blunt upwardly- directed 
process, the olecranon, which, along with the actual 
proximal end of the bone, furnishes the concave sigmoid 
cavity, or articular surface working over the trochlea of the 
humerus. The distal end of the ulna is convex and 
articulates with the carpus. 



isial . 

J 



THE LIZARD. 



E carpus, consisting of ten small nodular bones, 
cified cartilages ; three of these form a proximal 
row, tne radiale, articulating with the radius, the ulnars, 
with the ulna, and the minute intermedium between 
them : five others of much smaller size form a distal row 
and give attachment one to each of the metacarpals (§ 96) ; 
these are called carpalia, and are distinguished by numbers, 
that on the radial or preaxial side being carpale 1 : a 
ninth bone — the centrale,^forms by itself a middle row, 
being intercalated between the radiale, ulnare, and second, 
third, and fourth carpalia : the t-enth bone — the pisiform 
or accessory ossicle — is attached to the post-axial side 
of the distal epiphysis of the ulna. 

96. The bones of the digits : the first or pre-axial digit 
(pollex) consists of three bones, a metacarpal, articulating 
with the first carpale, followed by two phalanges ; the 
second of a metacarpal and three phalanges ; the third of 
a metacarpal and four phalanges; the fourth of a meta- 
carpal and five phalanges ; and the fifth of a metacarpal and 
three phalanges. 

97, The distal or ungual phalanges have something the 
form of the homy claws which they support : the remaining 
phalanges and the metacarpals are rod-like bones, each 

t consisting of a bony shaft and a calcified proximal epiphysis, 
the distal extremity of the bone being ossified from the shaft. 
XI. Observe the characters of the pelvis as follows :— 
98. It consists of two tri-radiate bones, the ossa in- 
nominata, the dorsal limbs of which articulate with the 
sacmm, while the two ventral limbs unite, each with its 
fellow of the opposite side, in the middle line. 

99. The acetabulum, a rounded concave pit, at the 
function of the three limbs of the innominate bone, and 
rviog for the articulation of the femur (§ 1 1 □). 
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lOQ. Each limb of the os innomiuatum is a separate 
bone, the three meeting in the acetabulum in the iri-radiate 

loi. The ilium or dorsal ossification of the iimominate 
bone : it is an irregular rod, flattened from side to side, and 
passing from its sacral articulation downwards and forwards 
to the acetabulum, of which it forms the dorsal third. 

102. The pubis or a.ntero- ventral pelvic bone : it is 
somewhat flattened from above downwards, and forms the 
an tero -ventral third of the acetabulum, whence it lakes a 
direction downwards, forwards, and inwards to meet its 
fellow in the median Symphysis pubis (see dotted 
ouUine in Fig. 39), 

103. The prepubis, a small rhoniboidal nodule of 
calcified cartilage, situated in the middle line between the 
anterior ends of tlie pubis. 

104. The ischium, or postero-ventral pelvic bone, an 
irregular Battened bone, forming the postero-ventral third of 
the acetabulum, and passing downwards and inwards to meel 
its fellow of the opposite side in the symphysis ischii, a 
strip of calcified cartilage being interposed between the two 

105. The foramen cordiforme, a heart-shaped space 
bounded by the pubes in front, and the ischia behind : in the 
recent state a median ligament divides it into p^ied 
obturator foramina. 

106. The OS cloaca, a small rod of bone passing horizontally back- 
wards from the symphysis isdiLi in the venttal wa.Il of the cloaca {§ 176). 

XII. In the hind limb note 

107. Its general composition : it consists of three divisions; 

a proximal, consisting of a single bone, the femur ; a middle 

division or crus, consisting of two bones, a larger iniemal, 

the tibia, and a smaller, external, the iibula ; and a distal ' 
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division or pes, consisting of a tarsus or ankle, and of five 
digits. 

108. The position of tlie bones ; ihe femur is directed 
from its proximal end forwards, upwards, and outwards; the 
tibia and fibula pass from their articulation with the femur 
almost directly downwards ; and the digits are directed 
forwards and outwards. 

109. If the limb is extended at right angles to the long 
axis of the trunk, it presents, like the fore-limb (§ 91), 
dorsal and ventral surfaces, and pre- and post-axial borders : 
it is then found that the tibia is pre-axial, and the fibula 
post-axial, and that, in the ordinary position of the parts, the 
jH-e-axial border, in all three divisions of the limb, is internal 

1 10. The femur, a stout, slightly-curved bone, consisting 
of shaft and epiphyses, the proximal epiphysis being, how- 
ever, hardly distinguishable in the adult. The proximal end 
of the bone is produced into a prominent ovoidal head for 
articulation with the acetabulum j below and internal (pre- 
axial) to the head is a large process representing the lesser 
trochanter; the post-axial greater trochanter is almost 
obsolete. The distal end of the bone is pulley-shaped, and 
fonns internal (pre-axial) and external (post-axial) 
condyles for articulation with the tibia. Immediately above 
(proximal to) the external condyle is a process serving for tlie 
articulation of the fibula, and answering to the external 
tuberosity, 

in. The tibia, a stout, greatly-curved bone, consisting 
of shaft and epiphyses : along its anterior (dorsal) face runs 
the longitudinal cnemial ridge, which is especially 
pronounced at the proximal end, giving the bone a triangular 
transverse section : the proximal end presents two surfaces, 
the internal and external tuberosities, for articulation 
with the condyles of the femur. 




112. The fibnJa, a slender bone also consisting of shaft 
and epiphyses : its proximal end or head is narrow, and 
articulates with the external tuberosity of the femur: ils 
distal end is widened laterally for articulation with the 
calcaneum (§ 114). 

113. Between the feomr and the tibia is a thin, cartikeinous plate, 
incompletely divided into two ]ortions which answer to the intenial 
and external semi-lunar fibro- cartilages of man : each half contains 
two calcifications or sesamoid bones which, in the dried skeleton, 
are seen to be interposed two between each femoral condyle and iht 
corresponding tibial tuberosity. A large sesamoid bone is situated to 
the outer side of this cartilage, and is interposed between the head of 
the fibula and the external tuberosity of the femur. There is also a 
small sesamoid attached to the ventral surface of the femur, just ahoTe 
(proximal to) the external condyle, 

114. The tarsus, consisting of three bones divisible into 
a proximal and a distal row : the proximal row consists ofa 
single large bone, the tibio-fibulare, representing the 
ankyloscd tibiale or astragalus and fibulare or cbI- 
caneum ; it presents two concave articular surfaces on its 
proximal side for the tibia and fibula; distally it articulato 
by a somewhat pulley-shaped surface with the distal tarsals. 
Of these latter— the tarsalia — only two are separate bones 
in the adult; one of these (tarsale 3) being a small, 
calcified nodule in contact with the proximal end of the 
third metatarsal, the other (cuboid or tarsale 4) a larger 
bone giving attachraent to the fourth and fifth metatarsals. 

The first and second tarsalia are anliylosed in the adult with llic 
proximal ends of the corresponding metatarsals ; the fifth taislk is 

rij. The bones of the digits correspond in number and 
form to those of the manus, each consisting of a metatarsal 
with two, three, four, five, and three phalanges respectively : 
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the metatarsal of the first or pre-axial digit (hallux) and 
that of the second articulates with the tibial side of the 
tibio-fibulare, the renaaining metatarsals with the tarsalia, 
as described above (§ 114). 



B. Directions for Dissection. 

XIII. Make out the following external characters ; — 
ii6. The elongated, flat-sided trunk, separated in front 
by a slight constriction or neck, from the pyramidal, some- 
what depressed head, and passing behind into the 
cylindrical tapering tail, which, in uninjured specimens, 
may be nearly twice as long as the head and trunk together. 

117. The fore-limbs, springing one on each side from 
the anterior end of the trunk, towards its ventral aspect : 
when extended at right angles to the trunk, each is seen to 
present a dorsal and a ventral aspect, an anterior or pre- 
axial, and a posterior or post-axial border ; and to consist of 
three divisions, a proximal, the upper arm, oc brachium, a 
middle, the fore-arm, or antebrachium, and a distal^ the 
hand, or manus ; the latter is terminated by five clawed 
digits, of which the first, or pre-axial, is the shortest, and is 
distinguished as the thumb, or poUex ; the fifth, or post-axial 
digit, is next in size, then comes the second, while the 
third and fourth are of nearly equal length (cf. 5§ 89 — ^97), 

118. The hind-limbs, springing one on each side from 
the posterior end of the trunk, towards its ventral aspect ; 
they present the same surfaces and borders as the fore-limbs, 
and are similarly divisible into three regions : a proximal, 
the ihigh or femur ; a middle, the shank or crus ; and a 
distal the foot, or pes : the laiter, like the hand, is terminated 
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by five clawed digits ; of these the first is the shortest, 
the second and fiftli are of nearly equal length ; the fifth, 
however, being the slenderer, and appearing shorter from 
the fact that it arises nearer the proximal extremity of 
the hand ; the third is considerably longer than the second, 
and the fourth slightly longer than the third (cf. §S 107 
— .5)- 

119. The large mouth, the gape beginning at the end of 
the snout and extending backwards nearly to the auditory 
apertures (§ 122). 

120. The nostrils, or anterior nares, small, rounded 
apertures, situated one on each side of the snout, a short 
distance from its anterior end. 

121. The eyes, situated one on each side of the head, 
about midway between the corresponding nostril and 
auditory aperture (§ rsa) : each is guarded by a short, thick 
upper eyelid, and a deep, thin lower eyelid, which, 
wjien the eye is closed, covers the greater part of it : within 
the eyelids is the thin, transparent nictitating membrane, 
which springs from the anterior corner of the eye and shuB 
backwards over the eye-balL 

122. The auditory aperture, situated a little posietiot 
to the extremity of the gape, and nearly as large as thi; 
exposed portion of the eye : stretched over it, a little beloif 
tlie general levei of the head, is the thin tympanic 
membrane. 

123. The vent, or cloacal aperture (Fig. 39, cf). a 
large transverse cleft at the root of the tail. 

124. The exoskeleton, consisting of a closely-fitung 
armour of epidermic scales : those on the dorsal surface 
of the trunk are small, hexagonal in outline, and indistinctly 
keeled ; on the ventral surface they are large and are arranged 
in eight longitudinal series ; forming the anterior edge of the 
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vent is a large pre-anal plate ; the scales on the tail are 
elongated, keeled, and arranged in definite transverse series, 
giving the tail a ringed appearance ; on the limbs the pre- 
axial scales are for the most part large, the post-axial small ; 
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Fig. 38. — The head from above and from the side of — A. Lacerta 
viridis; B. Lacerta agilis; C. Zootoca vivipara (slightly enlarged). 
After Schreiber. 

on the neck they are small, except at its junction with the 
trunk, where there is a transverse fold bounded anteriorly by 
larger scales; on the head, the scales are for the most part 
large, and have a very definite arrangement characteristic 



of the species, many of them receiving distinctive namea 
Along the ventral edge of the thigh is a row of apertures 
(pori femorales) of a series of cutaneous glands. 

The genus Lacerta is distiognished from Zootoca by the followin 
characteristics : — Lacerta is oviparous ; it has tvio small posterior nas 
scales bounding the nostril behind, and teeth on the palate. Zooloca 
viviparous, it has oaly one posterior nasal scale, and no palatine teetiL 

The colonring of the three species is also characteristic. Loceli 
viridis is either green or bluish-green, Ughter beneath, more or ka 
extensively marbled with black, and soraelimes having either wWle 
spots, or one or two while streaks on each side. Lacerta agilii 
is brown above with black spots, green on the sides, and white benealh. 
Zooloca vivipara is olive above, with a while-edged blftcldsb slreat on 
eacb fide and a central blac k streak ; the ventral surface is orange ini 
blue (in summer] spotted with black. 

XIV. Place the animal in the supine position (ventral 

surface upwards), and make a median incision 

through the akin from the chin to the anterici 

border of the vent : carefuliy separate the skin ft 

the underlying muscles and reflect it right and left I 

this is a matter requiring considerable 

especially in a fresh specimen, since some of tht 

muscles are inserted into the ventral scales (§ i;*) 

and are with difficulty separated from them : the 

rectus lateralis (g 125) is almost certain to h 

reflected with the skin. Note 

135. The rectus abdominis (Fig. 39, r.v, r.l, r.it.i 

longitudinal paired muscle which, witli its fellow of tbe 

opposite side, forms the median ventral portion of flU 

muscular body wall. It is divided by transverse fibroM 

bands, or inscriptiones tendineae, into segments, tbe 

longitudinal fibres of which are inserted into the anteiiot 

edges of the median ventral scales. 

The rectus abdominis consists of three partialis : a ventral poTlill 
{rectus ventralis, r.v) arising from the last sternal rib and inserted It 
the ischiam : an entemiil porlion (rectus lateralis, r.f) he^aniagm 
thin sheet of fibres between the skin and tbe pectoral muscle (| U 
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Fw. 3S. — Lacetta viridia. The chiermusclesof the ventral aspKl 
the bod; (oat. tize). On the right side the skin is rejected out- 
■ds along with the rectus lateralis {r.l) and superficial layer of the ei' 
ud gblique (i>. ex). 
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The fW'ili'jn of ihe hyoidean ippanlus, daiicles, mlerdavide, cora- 
ccnd, aM right half of Ihe stemnm. and of the pnbes and ischia, are indi- 
calcd bf dotted oatlines. Oa ihe left side (right in the Rguce), the my- 
lohyoid (ml/ir), pectoral (/), and ettemal oblique (".ex) mti-'cles are 
remoTed, as weQ as the posterior part of the rcctns ventralis (r.v) : by 
the Tcmoval of the pecCoial the le^ half of the slemni (i^) is exposed. 

^ biceps : cl, cTojicai aperture : c^mn^ cerato-mandibulaiis : ji, del- 
toid : r,i, external intercostal: m.iy, mylo-hjoid ; mn, mandtble; 
i/.a:, obliquos extemns, saperGdal poitioa : o.ex', deep portloD of 
the same: n.iji, oroo-hyoid ; o.i, obliqaos intemus : p, pectoralii: 
/er, peritoneam : r,i, rectus inCeiDDs : r.l, rectus lateralis : r.v, rectos 
ventralis ; i.c.m, stenio-elddo-mastoidens : s.hj, stemo-hjroidais : jr, 
serratus : il, sleimun : sf, its posterior prolongations, 

and joining the preceding portion at its insertion : and an internal and 
posterior portion (rectus intemus, r.i) of triangnbtr farm, lyiif 
between the ventral portion and the peritoaeutn, attached behind to the 
puboischiatic ligament and gradually thinning ont in front. 

ri6. The obliquus extemus {o.ex, o.ex"), a thin sheet 
of muscle lying extemal to the rectus, and with its fibres 
taking a direction downwards and backwards (the animal 
being supposed to be in the normal attitude). 

It c^nsLlt5 of two layers, a superficial one {a.ex) arising l^ slips from 
the vertebral ribs, and with its fibres ending against the outer border of 
the rectus iateraJis, with which it becomes indistinguishable postetiotly ; 
and s deep portion (a.ex') lying within (dorsal to) the pectoral, and 
similarly related to Ihe rectus ventralis. 

117. The pcctoralis {p), a large paired muscle arising 
from the sternum and sternal ribs, which it largely covers : 
the fibres of its anterior part pass outwards and backwards, 
tliose of its posterior portion outwards and forwards, those of 
its middle region directly outwards, and, converging, are 
inserted into the ventral aspect of the humerus, thus forming 
the chief depressor of the arm. 

128. The mylo-hyoid (m.Ay), a strong sheet of trans- 
verse muscular fibres passing from ramus to ramus of the 
lower jaw. 
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XV. Cut through the origins of both pectoral muscles 
and rellecl them outwards : dissect away the 
external oblique and note 

129. The ribs and sternum, and their relation to the 
body walls (see §§ 22-25 and Fig. 39), 

130. The external intercostal muscles {e.t), filling 
up the interspaces between the ribs ; their fibres run fi-om 
any given rib backwards and slightly downwards to its 
successor. 

131. The obliquus intemus (o.f), a thin sheet of 
muscle lying between the intercostals externally and the 
rectus ventralis internally, and exposed by the removal of 
the external oblique : its fibres pass downwards and forwards. 

XVI. Make a longitudinal incision through the rectus 
ventralis, a little to one side of the median line, 
taking care not to injure the epigastric vein 
(5 138) ; continue the incision backwards to the 
pubes, and forwards by cutting through the 
sternum and interclavicle : carefully separate the 
epigastric vein from the surrounding tissues and 
reflect tlie body walls. Note 

132. The ccelome or body cavity, containing the viscera, 
extending in front to about the level of the interclavicle, and 
behind continued beyond the anterior boundary of the pubes 
as the pelvic cavity. 

133. The peritoneum (parietal layer), a thin membrane 
ling the ccelome : in the posterior half of the cavity it is 

deeply pigmented, in the anterior half colourless, the 
boundary line between the black and colourless portions 
being perfectly sharp. 

134. The liver (Fig, 40, Ir), a large, brownish organ, 
occupying about the middle third of the body cavity, and 
imperfectly divided into right and left lobes. 




Fic. 40. — Lacerta viHdis, A dissection fram the ventral a: 
showing the alimentary, circilloloiy, respiratory, and urinogenital o._ 
(nal. siie), The liver (/r) is divided longitudinally (see 9 X Vm.), J 
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its two halves displaced outwards : the alimentary canal is drawn out 
to the animaFs left ; the cloaca, with the urinary bladder and posterior 
ends of the vasa deferentia, is removed, as also is the right corpus 
adiposum. 

a. CO, anterior comu of hyoid : az^ azygos, or cardinal vein : b,hy, 
body of hyoid : r, caudal vein : cad, corpus adiposum : cm^ coeliaco- 
mesenteric artery, the branches of which have no reference letters, to 
avoid confusing the figure, (see § 159) : cce, czecum : cr^ carotid artery : 
d,ao, dorsal aorta : dUy duodenum : e,juy external jugular vein : epy 
epididymis : epg, epigastric vein '.f.a^ femoral artery \f.v, femoral vein : 
g,b, gall-bladder: i.ju, internal jugular vein : e7, ileum : i.m, inferior 
mesenteric arteries : k, kidney : Lao, left aortic arch : l,au, left auricle : 
Ig, luDgs : /r, liver : m,co, middle comu of hyoid : p.a, pulmonary 
artery : pc, pericardium : p,co, posterior comu of hyoid : pn, pancreas : 
pi, pelvic vein ://,f, postcaval vein : pt.v, portal vein : p.v, pulmonary 
vein : r, rectum : r,au, right auricle : r,h,a, right hepatic artery : sc, 
sciatic vein : scLa, subclavian artery ; scl.v, subclavian vein : spl, spleen : 
st, stomach : s,v, sinus venosus : th, th)Toid gland : tr, trachea : ts, 
testis : v, ventricle. 

135. The gall-bladder (^.3), an ovoidal sac, situated at 
the lower margin of the right lobe of the liver, and having, 
in the fresh state, a green colour, due to the contained bile. 

136. The intestine (du^ it), forming several coils in the 
posterior third of the coelome. 

137. The corpora adiposa {c,ai), paired masses of fat, 
of somewhat semi-lunar shape, lying immediately in front 
of the anterior boundary of the pelvis, between the peritoneal 
and muscular layers of the body-wall. 

138. The epigastric or anterior abdominal vein 
(epg), a median ventral vessel, running along the inner face 
of the body wall, between the peritoneum and the rectus 
abdominis : posteriorly it is formed by the union of two 
pelvic veins (/>/), which are attached to the inner borders 
of the corpora adiposa and receive veins from them : 
anteriorly the epigastric vein enters the left lobe of the liver 
on its posterior face : two other abdominal veins bring blood 
from the ventral body wall, and enter the liver on its ventral 
face at about the junction of its right and left lobes. 

M 
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139. The heart {zf, rMu, Imu)^ situated a short distance 
in front of the liver and enclosed in a delicate membrane, the 
pericardium. (For the characters of the heart see §§197 

— 200.) 

140. The postcaval vein {ptc\ a large vessel, usually 
gorged with blood, passing from the anterior border of the 
liver forwards to the right side of the heart.* 

141. The lungs {Ig), two transparent, thin- walled sacs 
lying one on each side of the postcaval vein between the 
heart and the liver (see § 213). 

142. More or less of the reproductive organs can 
usually be seen even without moving the intestines : by 
turning the latter aside the testes of the male (§ 166) and 
the ovaries (§ 169) and oviducts (§ 170) of the female, 
are displayed. 

143. A large vein is also seen, by turning aside the 
intestines, lying between the testes or ovaries, and passing 
forwards to the postero-dorsal region of the liver ; this is the 
hinder part of the postcaval (J>tc), 

XVII. Dissect away the mylo-hyoid (tn.hy) and under- 
lying muscles {c.vin^ oMy^ s.hy, &^c.) until the 
following structures are laid bare : 

144. The trachea (//-), an annulated tube lying in the 
middle ventral line of the throat. 

^ The injection of the lizard*s vascular system is conveniently done 
as follows : Render the animal insensible with chloroform : lay bare the 
heart as directed (§ XVI), taking care not to injure the epigastric vein : 
slit open the pericardium, and cut off the apex of the ventricle (§ 197). 
When the bleeding has stopped, pu^h a cannula through the wound into 
the cavity of the ventricle and thence into the right aorta (§ 199), and tie 
it in place by a ligature round the base of the ventricle. A warm 
solution of gelatine coloured with carmine, vermilion, or French blue 
(ultramarine) is the best injecting medium ; it is firm enough to pass 
through capillaries, so that the whole vascular system, with the excep- 
tion of the pulmonary vessels, can be injected at one operation. 
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[ 145. The thyroid gland (tA), a whitish, transversely 
longated body on the ventral wall of tlie trachea, a short 
aistance in front of the heart. 

146. The right precaval vein (Fig. 43, p, 172, /r.c), 
situated in the lateral region of the neck, and passing back- 
wards towards the right side of the heart {see § zoo) : it is 
formed by the union of three veins; the internal jugular 
(Figs. 40 and 43 ij"), coming from the lateral region of the 
head and bringing blood from the brain, &c. ; the external 
jugular {e.Ju), situated in the middle ventral line of the 
throat, and at its hinder end turning to the right to join the 
internal jugular; and the subclavian {sc/.v), bringing 
blood from the right fore-limb. 

147. The left precaval, formed by the union of the 
left internal jugular and left subclavian veins : the left 
enternal jugular is absent. 

148. The position and relation of the hyoidean apjiaralus 

I- m 79-83)- 
XVIII. Make a longitudinal vertical incision through 
the liver, beginning at its anterior border, a little to 
the left (the animal's left, your right) of the post- 
caval, and passing backwards to the right of the 
epigastric vein and gall-bladder: in this way the 
whole postcaval is left uninjured on the right side, 
and the gall-bladder, with its duct (§ 1 65), and portal 
(§ 161) and epigastric veins, on the Icft.^ Note 
149. The stomach (Fig. 40, si), hitherto concealed 
beneath the liver : il is a tubular organ, of slightly greater 
diameter than the intestine, and with thick, muscular walls. 

' This melhod of di-scction U adopted because of the connection of 
the liver lo thedoTjal body-wall by blood.vessels{§3 163, 164), which are 
raptured if the liver is inmed forwards in the ordinuy way : in fresh, un- 
injected specimens there will of course be a good deal of bleeding, but this 
□ does not apply either to injected or to spirit specimens. 
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150. The divisions of the intestines: there i 
tinction between the duo-denum (du) or section imnaediatdy 
succeeding the stomach and the ileum {/7), or remaindet | 
of the small intestine : the latter, after one or two turns, | 
passes into the large intestine, or rectum (r), dis- 
tinguished by its greater diameter and by hai-ing its a 
end produced on the left side into a small blind pouch ot j 
caecum. 

151. The pancreas (pn), an elongated, whitish gland, , 
situated in the loop between the stomach and duodenuni, I 
and continued forwards to the posterior face of the left lobe j 
of the liver. 

152. The gastro-hepatic omentum, a thin sheet d 
peritoneum extending from the dorsal surface of the liverM 
the ventral surface of tlie stomach, and continued backwa 
by the duodeno-hepatic omentum, which sin 
connects the liver with the first loop of the intestine, 

153. The mesogaster, a fold of peritoneum connecU 
the stomach with the dorsal body-wall. 

154. The mesentery, a similar fold suspending the sua" i 
intestine. 

155. The mesorectum, a backward continuation of ih^ | 
mesentery suspending the rectum. 

156. A similar fold attached to the free or dorsal edge 
the right lobe of the liver. 

157. The spleen {s/'l),a small, red body, lying il 
mesogaster, near the posterior end of the stomach. 

158. The dorsal aorta ((/,«(?), an unpaired longitad 
artery lying in the middle dorsal line. 

159. The coeliaco-mesenteric artery {cm), give«^ 
from the dorsal aorta at about the level of the anterior *' 
of the right testis, or ovary, and soon dividing i 
trunks, an anterior, the coeltac artery, supplying 
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Stomach, spleen, pancreas, duodenum, and left lobe of the 
liver ; and a posterior, the superior mesenteric artery, 
which supplies the ileum. 

160. The inferior mesenteric arteries (i.m), three small vessels 
arising from the aorta at about the level of the pubes and supplying the 
rectum, 

161. The portal vein (//.z^), a large vessel lying in the 
duodeno-hepatic omentum, parallel to the pancreas : it 
receives gastric veins from the stomach, and small 
pancreatic veins from the pancreas, and at its distal end 
is formed by the union of splenic and mesenteric veins 
from the spleen and intestine respectively. 

162. The separate gastric portal veins, two or three small vessels 
taking blood directly from the stomach to the liver. 

163. Two small veins taking blood from the dorsal body- wall to the 
right lobe of the liver : by dissecting oflf the peritoneum they are seen to 
spring from the azy gos (cardinal) vein (az), a longitudinal trunk lying 
on the right side of, and close to the vertebral column, which receives 
blood from the dorsal region of the trunk, intercostal spaces, &c., and 
joins the precaval close to the entrance of the subclavian. 

164. The right hepatic artery {r,A.a), a small vessel springing from 
the dorsal aorta, and passing parallel to the veins mentioned in § 163 
to the right lobe of the liver. 

165. The common bile-duct, running parallel to the portal vein 
and opening posteriorly into the duodenum : at its anterior end it is 
formed by the union of the cystic duct from the gall-bladder and the 
hepatic duct from the liver itself. 

In the male : — 

166. The testes (Figs. 40 and 41, /), two white ovoidal 
bodies, that on the right side situated just posterior to the 
right lobe of the liver, that on the left somewhat further 
back. 

167. The epididymis (ep), a whitish, elongated body 
attached to the inner face of each testis, and extending 
backwards into the pelvic cavity (see § 190). 
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i68. The mesorchium (Fig. 41, ms.o), a fold of [ 
toneum suspending each testis to the dorsal body-wail 
similar fold (J'Jg) supports the epididymis, and is attic 
in front along the line of junction of the colourless 
pigmented regions of peritoneum (§ 133). 




lo^:ans(i«i 
Icr IS ninulJI 



. The maleucinogenilal oi^;ans(B 
3, is removed, the bladder is ton 
animal's right, and the peritoneal covering of the left 1 
epididymis is diRsected awaj. 

Ill, urinaiy bliidder : b.Ig, fold of peritoneum supporting epidid^ 
W, anterior, and cf, posterior, division of cloaca ; ep, eiiididyml 
bidnej : nu.o, mesorchiuni : p, CD]iulalory organs, of which tl 
shown retracted [ff] and the left evened {p) : r.m, relraclor miMi ' 
r, ridge separating anterior Bud posterior divisions of cloaca : > _. 
nr/, its opening into the cloici : t, testis : a.g, uriaogeailBl p 
ajierlure : v.d, vas deferens. 



w 
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r/ema/e:- 

rhe ovaries (Fig. 42, tw) situated further back 
i testes, the left being parti/ within the pelvic 
their surface is raised into hemispherical elevations, 
he ova. 




'.— Lacerta viridis. The feinaJe minogenital organs (mt. 
k ventral wall of ihe cloaca, the urinary bladder, the posterior 
K> left oviduct, and the peritoneal invebtment of the left ovary 
^ are removed. 

load ligament ; c!', anterior, and <P, posterior, division of 
tlddney : ms.o, mesoarinm : «/, left oviduct ; ad', its peritoneal 
iture of right oviduct into the cloaca : nv, ovaryi 
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170. The oviducts {od)^ delicate, plaited tubes, lying 
dorsal and external to the corresponding ovaries, and 
extending backwards into the pelvic cavity : for their further 
characters see § 194. 

171. The mesoarium {ms,o\ a fold of peritoneum sus- 
pending each ovary to the dorsal body-wall. 

172. The broad ligament {b.lg\ a fold similarly 
suspending the oviduct: its anterior line of attachment 
corresponds with the junction between the colourless and 
pigmented regions of the peritoneum (§ 133). 

In both sexes : — 

173. The postcaval vein can now be seen to be formed 
by the union of two veins lying within and parallel to 
the epididymes or oviducts, and of which the right is 
considerably larger than the left (Fig. 40). 

174. The whole extent of the lungs can now be seen : 
they extend backwards to about the level of the gall-bladder, 
the right fitting into a notch on the dorsal face of the right 
lobe of the liver. 

175. The pleura, a fold of peritoneum connecting each 
lung with the dorsal body-wall. 

XIX. Dissect off the muscles covering the ventral 
surface of the pelvis, and cut away the median 
portion of the pubes and ischia : also dissect away 
the muscles attached to the inner surfaces of these 
bones, portions of which will still be left obscuring 
the contents of the pelvic cavity. Note 

176. The cloaca (Fig. 41, cl'^^cl'^) or posterior division 
of the alimentary canal, passing insensibly into the rectum 
in front, and opening behind by the vent. 

177. The urinary bladder (pi), a thin-walled sac 
attached by its posterior extremity or neck to the ventral 
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wall of the cloaca, and having a bilobed free anterior 
extremity or fundus. 

178. The kidneys (Figs. 40 — 42,^), two dark, reddish- 
brown bodies, situated between the dorsal wall of the pelvic 
cavity and the rectum : their anterior ends are about on a 
level with the corpora adiposa, their posterior ends reach 
back a little beyond the level of the vent : they are irregular 
in shape, adapting themselves to the form of the cavity in 
which they lie, and their tapering posterior ends are closely 
appHed to one another : tliey are covered by peritoneum on 
the ventral face only : each consists of two lobes, an anterior 
and a posterior. 

179. The pelvic veins (Fig. 40,//) have abready been 
seen (§ 138) attached to the edges of the corpora adiposa : 
traced backwards, each is seen to pass across the ventral 
face of the corresponding kidney, and to be united with its 
fellow to form a single trunk : this latter, which by its 
bifurcation forms the pelvic veins, is the caudal vein (c) ; 
it lies along the ventral aspect of the caudal vertebrae and 
brings back blood from the various tissues of the tail. 

180. The principal renal portal vein, arising from the 
pelvic vein at the point where it turns outwards across the 
ventral face of the kidney : it enters the anterior lobe of the 
kidney, supplying it with venous blood : the posterior lobe 
is suppUed by smaller renal portal veins springing from the 
hinder part of the pelvic veins. 

181. The femoral {/.v) and sciatic (sc) veins, two 
trunks, the former from the anterior, the latter from the 
posterior region of the leg, and opening into the corres- 
ponding pelvic vein. 

182. The two trunks which by their union form the 
postcaval vein (§ 173) : the right is considerably the 
larger and is directly continued into the postcaval, while 
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the left crosses over to the right side to join its fellow at 
about the level of the origin of the coeliaco-mesenteric 
artery : each trunk receives renal veins from the corres- 
ponding kidney, and unites with its fellow just anterior to 
the bifurcation of the caudal vein. 

183. The femoral artery {f.d), passing outwards to 
the hind limbs between the femoral and sciatic veins : its 
origin from the dorsal aorta is best seen at a later stage. 

XX. Cut through the stomach a short distance behind 
the heart, and through the rectum a little anterior 
to its junction with the cloaca, and remove the 
alimentary canal between these two points : open 
the various parts of it by longitudinal incisions, 
and note 

184. The rugae of the stomach, strong longitudinal ridges 
into which its mucous membrane is produced, and the 
pyloric valve, an annular ridge of mucous membrane 
narrowing the aperture between the stomach and duodenum. 

185. The valvulse conniventes, delicate longitudinal 
ridges on the mucous membrane of the small intestine. 

186. The ileo-caecal valve, an annular ridge of 
mucous membrane narrowing the aperture between the 
small and large intestines, and projecting into the latter. 

187. The aperture of the bile-duct in the duodenum. 

XXI. Dissect away the peritoneum from the kidneys 
and reproductive organs, and open the cloaca by 
a ventral longitudinal incision a little to one side 
of the middle line, so as not to injure the bladder. 
Make out 

188. The division of the cloaca by an incomplete ridge 
of mucous membrane (Figs. 41 and 42, r) into two sections, 
an anterior (r/^) receiving the rectum and a posterior (cV^) 
opening externally by the vent 
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189. The aperture of the urinary bladder in the ventral 
wall of the anterior division of the cloaca. 

In the male : — 

• 190. The vasa deferentia (Fig. 41, v,d)^ convoluted 
tubes, continuous with the epididymes in front, and passing 
backwards to the dorsal wall of the cloaca. 

191. The urinogenital apertures (z^.^), minute aper- 
tures each on the apex of a small papilla on the dorsal wall 
of the posterior division of the cloaca. 

192. By turning aside the cloaca the ureters maybe seen 
as delicate tubes situated between the pelvic and renal veins, 
and uniting posteriorly with the vasa deferentia. 

193. The copulatory organs (/), vascular eversible 
sacs, lying on the ventral side of the tail, immediately 
beneath the skin, and opening into the posterior part of the 
cloaca. When everted each is seen to be a somewhat 
cylindrical body, with a dilated and bifid apex. 

In the female : — 

194. The paired apertures of the oviducts (Fig. \2,od") 
in the dorsal wall of the hinder division of the cloaca, just 
posterior to the dividing ridge : anteriorly the oviducts open 
into the ccelome by wide apertures (pd'), 

195. The apertures of the ureters (ur)^ small oblique 
slits in the dorsal wall of the cloaca, a little posterior to the 
oviducal apertures. 

196. The ureters themselves are situated as in the male 

(§ 192). 

XXII. Lay open the pericardium and observe 

197. The ventricle (Figs. 40 and 43, v\ a fleshy conical 
structure, having its pointed apex directed backwards and 
connected to the pericardium by a fine ligament. 

198. The right {r,aii) and left (l,au) auricles^ thin- 
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walled chambers, situated anterior to the ventricle, to the base 
of which they are united. 

199. The three great arteries, springing from the 
base of the ventricle, and passing forwards between the 
auricles, closely bound together with connective tissue : 
when the latter is dissected away they are seen to have a 
twist to the left. Of the three, the pulmonary artery 
(Figs. 43 and 44,p.a), lying to the animal's left, and the 
left aorta (/.ao) to the right, are situated ventrally at their 
or^in, while the right aorta {r.ao) is dorsal to the other. 




Fig, 43.— Lacerta viridis. The heart, from the dorsal side (X 3). 

cr, carotid artery : r.ju, external, and i.ju, internal jugular vein : l.ao, 
left aorta : l.au, left auricle : p.a, pulmonary artery : pr.c, right, and 
pr.d, left, precaval vein; pt.c, postcaval vein: p.v, pulmonary vein: 
y.ao, right aorta : r.au, right auricle : s.au, sinu-iuricular aperture ; i.cl, 
subclavian vein : s.v, sinus venosus, cut open to show the dnu-auricular 
aperlure : v, ventricle, 

two ; traced forwards the pulmonary artery is seen gradually 
to assume a dorsal position, the left aorta becoming ventral 
and to the left, the right aorta ventral and to the right 

zoo. The sinus venosus {s.v), a chamber situated to 
the dorsal side of the right auricle, and seen by turning the 
heart a^de ; it receives the three great veins ; the right 
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precaval {prx) passing directly backwards, the postcaval 
(^/.<:) directly forwards into it, while the left precaval (pr.c)y 
on reaching the neck, turns median wards and passes across 
the dorsal wall of the left auricle. 

201. The division of the pulmonary artery as it pierces 
the front wall of the pericardium into a right and left trunk, 
each of which passes at first outwards and then backwards 
to the corresponding lung. 

202. The pulmonary veins {p.v), bringing the blood 
from the lungs, and uniting into a short common trunk 
which enters the left auricle on its dorsal wall. 




Fig. 44. — Lacerta viridis. The aortic arches, supposed to be 
removed close to their origin from the heart (nat. size). 

cr, carotid artery : d.ao, dorsal aorta : l.ao, left aortic arch : /.a, pul- 
monary artery; r,aOy right aortic arch : sm^ subclavian artery. 



203. Leaving the pericardium, the two aortic arches 
(Fig. 44) separate from one another, the right arch turning 
to the right side, the left to the left : traced outwards they 
are seen to bend round the oesophagus and to unite with one 
another on the ventral face of the vertebral column to form 
the dorsal aorta {dMo), 

204. The carotid arteries {cr), arising together from 
the right aorta just where it diverges from the left : each 
carotid passes outwards, parallel with the corresponding 
aortic arch, with which, at its distal end, it anastomoses 
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{ductus Botalli) : shortly before this union the carotid artery 
proper is given oif and passes forwards to the head. 

205. The subclavian arteries (s.cl), arising from the 
right aortic arch just before its junction with the left, and 
passing directly outwards to the fore-limbs. 

XXIII. Remove the heart, and open its various 
cavities under water : first placing it on its ventral 
face and opening the sinus venosus from the dorsal 
side, and afterwards placing it on its dorsal face 
and opening the auricle and ventricle from the 
ventral side. Note 

206. The thin, smooth walls of the sinus venosus. 

207. The sinu-auricular aperture (Fig. 43, s.au\ a 
transverse slit placing the sinus venosus in communication 
with the right auricle, and guarded by the two-lipped sinu- 
auricular valve. 

208. The septum auricularum, a vertical partition 
separating the auricles from one another. 

209. The musculi pectinati, forming a network on 
the inner surface of the walls of the auricles. 

210. The auriculo-ventricular aperture, placing 
both auricles in communication with the ventricle, and . 
divided into two by the free edge of the septum auricu- 
larum : guarding the aperture is the auriculo-ventricular 
valve, consisting of two semi-lunar flaps, a right and a 
left, placed back to back in such a way that each shuts 
across one half of the auriculo-ventricular aperture. 

211. The thick, spongy walls and small cavity of the 
ventricle. 

212. The origins of the great arteries: the pulmonary 
artery arises to the left of the two aortae, and its aperture is 
separated from theirs by a muscular partition : the apertures 
of the aortic arches are in the same vertical plane, that of 
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the left being ventral to that of the right : all three arterial 
apertures lie to the left of the auriculo-ventricular aperture. 

XXIV. By the removal of the heart, the lungs are 
thoroughly exposed; note in them the following 
points : — 

213. Each lung is a fusiform sac, very thin in its posterior 
half, much thicker anteriorly : on cutting it open, the wail 
is seen to be raised into a network of delicate ridges, pro- 
ducing a honey-combed appearance : the network is closer 
and the ridges more marked at the anterior than at the 
posterior end of the lung. 

214. The bifurcation of the trachea into two very short 
tubes, the bronchi, which communicates each with the 
corresponding lung by a small aperture a short distance 
from its apiculate anterior end. 

215. The complete cartilaginous rings of the trachea and 
bronchi. 

XXV. Slit up what remains of the gullet along one 
side, and continue the incision forwards, through 
the floor of the mouth, close alongside the inner 
edge of the mandible ; turn aside the floor of the 
mouth so as to expose the oral cavity : if the 
latter is not sufficiently displayed, part of the 
mandible may be cut away with bone forceps. 
Observe 

216. The tongue, a narrow, elongated, fleshy organ on 
the floor of the mouth, bifid in front. 

217. The glottis, or aperture of the trachea into the 
mouth, a small longitudinal slit, placed at the summit of a 
rounded prominence in which are contained the cartilages 
of the larynx. 

218. The small, conical teeth, arranged in a single series 
round the upper and lower jaws (premaxillary, maxillary, 
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and mandibular leeth) : there is also a small patch of teeth 
on each side of the roof of the month (palatine teeth). 

219. The posterior nares, considerable apermrcs 
situated a little behind the end of the snout and 
separated from one another by a vertical partilion 
supported by the vomers (§ 63). 

Slightly in froni at the posterior nares are two miimte slit-iite ipff- 
tures, ench leading into a small pigmented sac (Jacobson's orgul 
lying under the na^al sac. The relations of these iiorts arc best sew" 
a transverse sedion of the snout. 

220. Tiie Eustachian pits ; large paired diverticula of 
the dorsal wall of the pbarynx, continuous with the tyiO' 
panic cavities, which are bounded externally by th^ 
tympanic membranes. 1 

221. The position of the columella auris in the tympanic cavity* 
nnd its relations to the fenestra ovalLi and tympanic membr.ine, in*y 
now be made out (see g 65, p, 142). Also remove an eye and ante * 
series of thin scale-like bones (sclerotic plates) surrounding the borfc' 
of the sclerotic. 

XXVI. Break away the roof of the skull with bone 
forceps so as to expose the brain : this may L>e 
done without first dissecting off the skin wliici* 
adheres very closely to the subjacent bones. Re- 
move the brain, taking especial care not to injure 
the olfactory lobes (§227, Fig. 45. o//), and, after 
preservation in spirit, place it under water in * 
small dissecting dish, and make out its parts ^ 
follows ; — 
23J, The medulla oblongata (Fig. 45, m.o), orpos- 
tericr division of the brain, continued insensibly hehio** 
into the spinal cord : it is about double the diameter *^ 
the cord, and exliibits a strong ventral flexure. 
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W. 45. — Lacerta viridis. The brain ; a, from above, with the 
Wtcbral hemisphere (c./i) and opiic lobe (o.l) opened ; B, from 
^^\; c, from tbe left side ; d, in longitudinal vertical sectioo. 
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a.f, anterior comnuESure: a^.t, atjueduct of Sylvias: ei, ceiebdliui; 
c.c, crura cerebri : c.i, cerebral hemispheres : c&.fi, choroid pieiusin 
corpus ilriahini : /,m, foramen of Monro; in/, infondibulum : lA 
medulla oblon^Ia : o.f, optic chiasma : e.l, optic lobes : el/t (dfnOHJ 
lobes : o./, optic tracts : e.v, aperture between aqueduct of Sjhias 
and optic ventricle : /.f, posterior commissure : fin, pineal body ; flji 
pituitary body: w.3, third ventricle : 11.4, fourth ventricle 1 /—W 
cerebral nerves. 

223. The cerebellum (cH), a small Beraicirciilar flap 
covering the anterior pa.rt of the medulla oblongata on lie 
dorsal side. 

224. The fourth ventricle (w.4), a cavity on ili= 
dorsal surface of the medulla, roofed over in front by '!" 
cerebellum, but for the rest of its extent covered onlj ^ 
the pia mater, a delicate membrane investing the bW" 
and spinal cord, 

225. The optic lobes, or corpora bigemina {sA 
two large rounded elevations on the dorsal surface oftti' 
brain, immediately in front of the cerebellum : theyconsP' 
tute the dorsal portion of the mid-brain, the ventw' 
region of which answers to the crura cerebri (c,/). 1 

316. The cerebral hemispheres ((-./)), large, pyramida' | 
paired masses, immediately in front of the optic lobeSi 
against the anterior faces of which they abut closely : thef 
arc in close contact with one another by their flat inn^ 
faces, and are pointed in front. 

227. The olfactory lobes (e//) paired, club-shapet* 
bodies continued forwards from the anterior ends of tt»^ 
cerebral hemispheres ; from their dilated anterior ends 
given off the olfactory (first cerebral) nerves to the 
sacs. 

228. The pineal body (/n), a small, rounded mi 
the middle line of the dorsal surface of Ihe brain, 
junction of the cerebral hemispheres and oplic lobes. 

229. The pituitary body (fi/y), a rounded mass sit 
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in the middle line of the ventral surface of the brain, imme- 
diately under the pineal body, and attached to an elevation, 
the infundibulum. 

230. The thalamencephalon, seen by slightly separat- 
ing the posterior ends of the cerebral hemispheres as a 
rounded median mass, interposed between the hemispheres 
and the optic lobes : the infundibulum is a ventral, back- 
wardly-directed prolongation of the thalamencephalon. 

231. The optic chiasma {o.c), an x-shaped body situated 
immediately anterior to the infundibulum, and consisting 
of the optic tracts (^./), which pass backwards and slightly 
upwards on either side of the infundibulum to the anterior 
ventral region of the optic lobes, and of the optic (second) 
nerves (II), which, becoming free from the brain, pass 
forwards and outwards to the eyes. 

232. The third nerve (III), arising from the ventral surface of the 
mid-brain. 

233. The fourth nerve (IV), arising from the dorsal surface of the 
medulla oblongata, just in front of the cerebellum. 

234. The fifth nerve, or trigeminal (V), arising from the ventro- 
lateral region of the medulla. 

235. The sixth nerve (VI), a small nerve arising from the ventral 
region of the medulla, not far from the middle line. 

236. The seventh nerve (VII), arising in common with the eighth 

from the lateral surface of the medulla, just posterior to the fifth. 

237. The eighth, or auditory nerve (VIII), arising in common 
with the seventh. 

238. The ninth nerve, or glossopharyngeal (IX), arising imme- 
diately behind the eighth, and at a somewhat lower level. 

239. The tenth nerve, or vagus (X), arising just posterior to the 

ninth, by three or four separate roots. 

240. The eleventh nerve, or spinal accessory (XI), arising from 

the spinal cord, and passing forwards, receiving fibres as it goes, to the 
medulla oblongata, which it finally leaves immediately behind the 
vagus. 

241. The twelfth nerve, or hypoglossal (XII), arising a little 
behind the eleventh from the ventral surface of the medulla. 



XXVII. Carefully cut into the cerebral hemisphere and 
optic lobe of one (say the left) side,^ and remove 
the roof of the cavities exposed : observe : 

242. The optic ventricle (Fig. 45, a), a small cavity in 
the thick-walled optic lobe : in its inner wall is a small 
aperture {a.z'), which leads from the aqueduct of Sylvius 
(§ 246). 

243. The lateral ventricle, a considerable cavil; 
in the cerebral hemisphere, extending in front into the 
olfactory lobe : its dorsal and inner walls are thin ; itsvenlro- 
lateral wall is greatly thickened so as to form a well-marked 
eminence, the corpus striatum (c.s). 

244. The choroid plexus (f^i-p), a plaited fold of con- 
nective tissue, abundantly supplied with blood-vessels, lying 
in the postero-internal angle of the lateral ventricle. 

245. Traced downwards, the choroid plexus is seen to 
pass through the foramen of Monro (A /'")• a small 
aperture in the posterior part of the inner wall of the lateral 
ventricle, and communicating with the third leniride 
(§ 248) : to see it the corpus striatum must be drawn aside. 

XXVIII. Remove the left half of the cerebellum and 
enough of the left optic lobe and cerebral hemi- 
sphere to bring into view 

246. The aqueduct of Sylvius {a^.i), a passage 
bounded below by the crm-a cerebri and above by the optic 
lobes, in free communication with the fourth ventricle pos- 
teriorly, and communicating by the small lateral apertures 
already seen (g 242) with the optic ventricles, with which it 
forms the ventricle of the mid-brain, or mesococle. 

247. The optic thalami, paired masses of which Ihe 
thalamencephalon is composed. 

' If anolher specimcTi is to be dissEcted, [bis uuty be done an bdb' 
sides, and a langiludinal section (S XXIX) mode of the 
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S48. The third ventricle (p. 3), a narrow vertical slit 
between the optic thalami, continuing forwards the aqueduct 
of Sylvius : it communicates in front by the foramen of 
Monro (/"'), already seen (§ 245), with the lateral ventricle. 

249, The anterior commissure {a.c), a small, trans- 
verse band of white nerve fibres, passing transversely 
between the two optic thalami, below and somewhat in front 
of the foramen of Monro. 

250. The posterior commissure (/.f), a similar trans- 
verse band connecting the optic thalami at their junction 
with the mid-brain. 

XXIX. Cut away the remainder of the left side of the 
brain so as to get a longitudinal vertical section of 
the whole organ (Fig. 45, d). Note: 
zgi. The continuity between the fourth ventricle, aque- 
duct of Sylvius, and third ventricle, and the precise position 
of the apertures leading into the lateral and optic ventricles. 

252. The downward continuation of the third ventricle 
into the infundibulum. 

253. The general relations of the parts seen in the 
previous dissection. 
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THE PIGEON. 

(jColumha livia.) 
A.— THE SKELETON. 

I. Two skeletons should be examined, one of an adult 
bird, the other of a nestling two or three weeks 
old, the latter being especially useful for the skull, 
sacrum, pelvis, &c., which, owing to the early 
ankylosis of the bones, cannot be satisfactorily 
made out in the adult. The adult skeleton is best 
prepared by maceration, that of the nestling may 
be either macerated for a short time, or subjected 
to the action of boiling water for a few seconds : 
it must be kept in alcohol or glycerine and water, 
or prepared by the glycerine jelly process. In the 
adult skeleton the cervical vertebrae (§ i) should 
be separated from one another and strung together 
in order : the limb bones should be separated on 
one side, on the other left attached by their liga- 
ments: the ribs (§ 25) are best separated at the 
junction of their vertebral and sternal portions, 
the former being left attached to the vertebrae, the 
latter to the sternum ; a longitudinal vertical sec- 
tion should be made of the skull with a fine 
fret-saw. 



Tirr; pigeon. 
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II. Notice, first of all, the general composition of the 

skeleton: it consists of ; 

. The vertebral column, distinguishable into (a) 

I thirteen or fourteen cervical vertebrie, forming the 

I skeleton of the neck, and the last two of them bearing wcll- 

I developed ribs, which do not unite with the sternum ; (b) 

\ the four anterior thoracic vertebrse, all united with one 

kUDother and bearing ribs which articulate with the sternum ; 

1('} the compound sacrum, consisting of several vertcbrse 

■intylosed together, and giving attachment to the pelvis ; of 

»iese ankylosed vertebra the first is thoracic, bearing ribs 

phich unite with the sternum, the next two or three are 

Hinabar, the next three or four sacral, and the remaining 

Ix Caudal; {d) the free caudal vertebrae, about six in 

:r ; and (c) the pygostyle or ploughshare bone, a 

*ally compressed plate, forming the posterior termination 

le vertebral column. 

The skull, consisting of (a) the brain-case and upper 

{b) the lower jaw or mandible ; and {c) the hyold 

or tongue-bone. 

3' The sternum, a broad, keeled plate, giving attach- 
ment to the five pairs of thoracic ribs. 

4- The skeleton of the wings or fore-limbs, articulat- 
mg with the shoulder-girdle, which consists of two bones 
on each side, the ventral one articulating with the sternum, 
^■^^ Connected with its fellow by the U-shaped furcula or 
merrythought. 

5- The skeleton of the hind-limbs or legs, articulating 
^* the pelvis or hip-girdle, the two halves of which are, 
^Bthe aAiAt, firmly united with the sacrum. 

IXL Examine the last cervical vertebra, and make out 
the following parts ; 
^- The centrum or body of the vertebra, elongated 
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from before backwards, flattened from above downwards a| 
its anterior end, almost square in section posteriorly: 
anterior and posterior faces by which it articulates with the" 
preceding and succeeding vertebrse respectively are cylin 
dtoidal, the anterior face being concave from side to side and 
convex from above downwards, the posterior face convex— 
from side to side and concave from above downwards. 

7. The neurapophyses, upwardly directed processe 
rising one on each side from the dorsal surface of the c 
trum, and meeting with one another in the middle line above 
forming the neural arch, thus helping to close in 1 
neural canal in which the spinal cord is contained, 
neurapophysis is slightly excavated in front, consideraW 
excavated behind, so that in the articulated vertebral coluin 
a series of intervertebral foramina are left betwee 
successive neurapophyses and serve for the exit of the 
spinal nerves. 

8. The neural spine, a median vertical plate arising 
from the dorsal surface of the neural arch. 

9. The anterior zygapophysis, a stout forwardlj 
directed process, arising from the front edge of each neura 
pophysis and bearing a flat articular facet which lot 
upwards and inwards, and is overlapped by the posteriod 
zygapophysis of the vertebra next in front. 

10. The posterior zygapophysis, a similar, bad 
wardly directed process arising from the hinder edge of es 
neurapophysis: it bears an articular facet which lool 
downwards and outwards, and overlaps the anterior zygapc 
physis of the vertebra next behind. 

11. The transverse process, a stout, outwar 
directed rod springing from the outer face of each netirapi 
physis: it bears on its under surface a small tubercul(| 
facet for the tubercle of the rib (§ 14). 
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The capitular facet, a small articular surface on the 
;ral surface of the centrum near its anterior end, and 
giving articulation to the head of the rib (§ 14), 

13. The hypapophysis, a vertical downwardly directed 
process, proceeding from the middle vertical line of the 

14. The ribs, small curved bones articulating, one on 
ich side, with the vertebra, and tapering from their proxi- 
mal to their distal ends. The proximal end is divided into 
two processes, one ventral, the head or capitulum, which 
articulates with the capitular facet on the centrum, the other 
dorsal, the tubercle, which articulates with the tubercular 
facet of the transverse process. 

15. The uncinate process, a small flat plate of bone 
given off from the posterior border of each rib, and directed 
backwards and upwards. 

IV. lo the remaining cervical vertebrre note : 

16. The gradual diminution fiom behind forwards of the 
neural spines, transverse processes, and hypapophyses, and 
the gradual elongation of the centra as far as about the third 

fourth vertebra. 

17. In the penultimate vertebra the rib is much smaller 
the last, has no uncinate process, and its proximal 

id is indistinctly divided into head or tubercle. 

18. The absence of free ribs in the remaining vertebra : 
the iipparent transverse process is, however, perforated by 
an aperture, the vertebrarterial canal, for the passage of 
the vertebral artery (Fig. 54, p. 232, vr), and the part of the 
transverse process external to this aperture represents a 
cervical rib, the head and tubercle of which have anky- 
losed with the centrum and transverse process respectively. 

19. The characters of the second vertebra or axis: it is 
considerably reduced in all dimensions : the anterior zygar 
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pophyses are very small and placed low down on the arch : 
the anterior face of the centrum is somewhat excavated and 
gives off dorsally a conical peg, the odontoid process, 
which bears an obHque articular facet on the ventral surface 
of its free end, for articulation with the atlas (§ 20). 

In the young bird the odontoid is a separate bone. 

20. The characters of the first vertebra or atlas : it is 
very small and is reduced to a mere ring, the centrum being 
no thicker than the arch : the centrum is crescentic, the 
concavity of the crescent being upwards, and bearing an 
articular facet for the odontoid process of the axis, the two 
together forming a concave articular cavity for the occipital 
condyle (§ 35) : there are no anterior zygapophyses and the 
posterior zygapophyses are small. 

21. The mode of articulation of contiguous centra : they are united 
by rings of cartilage, their adjacent faces being separated by a closed 
space (synovial capsule) : each intervertebral ring is produced inwards 
into a thin plate of cartilage, the meniscus, which is perforated in the 
centre, and forms a vertical partition dividing the synovial space into an 
anterior and a posterior divi.sion : a delicate ligamentous cord, the 
ligamentum suspensorium, passes from centrum to centrum through 
the aperture in the meniitcus. 

V. In the thoracic vertebrae note : 

22. The fusion of the first four into a single mass by 
the ankylosis of the centra, zygapophyses, and transverse 
processes. 

23. The fusion of the fifth with the compound sacrum : 
its large transverse processes abut against the ilia, with 
which the proximal ends of its ribs are also united. 

24. The large hypapophysis of the first thoracic 
vertebra, dividing below into two divergent laminae. 

25. The thoracic ribs : each is divided into two parts 
by a transverse articulation, — a dorsal section, the vertebral 
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rib, having an the characters of the last cervical rib (§§ 14, 
15}, a ventral section, the sternal rib, a straight flat 
bone, making an obtuse angle with the vertebral rib, and 
articulating at its lower end with a facet on the sternum. 




Fig. 46. — Columba livia. Tbe sacrum of a nestling (about fouiteen 
diys old), viewed from beneath ( x 2). 

On the left side (right of the l^re) the first two caudal ribs (c.r) are 
removed, so as to show the dorsal transverse processes {(r./'') ; the sub- 
sequently ossifying membrane which fills up the Intervals between the 
transverse processes is also removed on the same side ; the last thoracic 
vertebra is not shown, not yet having united with the sacrum. 

The cartilaginous pajls are liatled. 

f. I, ossiiied centrum of first, and c.y, of seventh caudal vertebra : 
c.r, lirst caudal rib : l.i, centrum of first, and /.3 of third lumbar 
vertebra ; 1, 1, centrum of first, and j.3 of third sacral vertebra : tr.f, 
transverse process of first lumbar, (r^, of second sacral, and tr.fi', 
of first caadal vertebra. 

VI.' In the remaining vertebrae entering into the com- 
position of the compound sacrum make out: 
26. The two or three lumbar vertebra (Fig. 46, /, i — 
/. 3), immediately succeeding the fifth thoracic : each has a 
stout wide body, short strong transverse processes abutting 
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against the ilia (§ 107), rudimentary neural spine, and no 
hypapophysis. 

27. The three or four sacral vertebrae {s.i — s.$\ 
closely resembling the lumbar, but having transverse pro- 
cesses, in the form of thin flat plates passing outwards from 
the dorsal ends of their neural arches and abutting against 
the ilia : in the adult, the transverse processes of succes- 
sive vertebrae are fused together, the original spaces between 
them being marked only by two rows of small apertures. 

28. The first caudal vertebra (r.i), like the sacral, 
but having, in addition to the lamellar transverse processes 
springing from its arch, a pair of strong outstanding pro- 
cesses — caudal ribs (cr) — from its centrum, which also 
abut against the ilia : a distinct passage is left between the 
two processes. 

29. The remaining ankylosed caudal vertebrae, six in 
number: in these the centrum becomes progressively 
smaller, and in all but the first of them (second caudal) 
there is no distinction between rib and transverse process. 

30. In the young bird the sacrum is a continuous carti- 
lage, in which the constituent vertebrae are only marked by 
the transverse processes, and by the median ventral ossifi- 
cations for the centra (Fig. 46). 

VII. In the remainder of the vertebral column, note : 

31. The free caudal vertebrae, each having a short 
centrum, a well-marked spine, and long, flat, outstanding 
transverse processes : in the last two there is also a 
distinct hypapophysis. 

32. The pygostyle or ploughshare bone, an irregular 
vertical plate of bone, with its axis almost at right angles to 
that of the free caudal vertebrae : it forms the hinder termi- 
nation of the vertebral column and supports the uropygium 
(§ 121, p. 209). 
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• 47.— Columba livla, Tlie skull of a. youn;; biid (about six 
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lid). A, from above ; B, from beneath ; C, IVom ibe lefi side 



ts are (liFlingouihed by dotting. 

I, angular: ar, articular: fi.n, Lasj occipital : 
tary: e.a, ex occipital : eu, aperture of Eustachian tube:/iii, 
D magnum : /r, frontal : 1.0.x, LD'erorbital septum : j'u, jiigal : 
Fmal ; H.s, Iatnl>doidal suture : Jn.rf/i, mesethmoid : mx, maiUIa ! 
maxillo-pa.latine process: na, no', na", nasal ; c.f, occipital 
e: sr /r, orbital plale of frontal; /a, parietal: fa.i, para- 
'idi/«; palatine -.p-mx, premaxilla : //, pterygoid : 1^1*, quad rate : 
' — -angular ; s.o, supraoccipilal : j/, squamosal : ly, tympanic 
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VIII. In the skull make out : 

33. The rounded brain- case, greatly encroached upon 
in front by the large orbits or cavities for the eyes, and 
continued in front into the slender tri-radiate beak. 

34. The foramen magnum (Fig. . 47, f.m) a large 
rounded aperture in the ventral wall of the hinder end of 
the brain-case. 

35. The occipital condyle (p,c\ a small hemispherical 
elevation on the lower or anterior margin of the foramen 
magnum. 

36. The lambdoidal ridge, a transverse ridge, a little 
above and parallel to the upper border of the foramen mag- 
num : it serves for the attachment of some of the muscles 
of the neck. 

37. In the young bird the foramen magnum is bounded 
by four distinct bones, one ventral, the basioccipital (^.^), 
one dorsal, the supraoccipital {s,o\ and a pair lateral, 
the exoccipitals (e,o)\ the supraoccipital is bounded above 
by the lambdoidal suture [Ib.s)^ which separates it from 
the parietals, and is represented in the adult by the lamb- 
doidal ridge. 

38. A median longitudinal groove on the dorsal surface of 
the skull, passing behind into a low ridge which unites with 
the centre of the lambdoidal ridge : it marks the position of 
the obliterated suture between the right and left parietals 
and frontals. 

39. In the young bird the parietals {pa) and frontals 
(/r) form two distinct pairs of bones, the former extending 
a short distance forward from the lambdoidal suture, while 
the frontals furnish all the anterior part of the roof of the 
brain-case, and are continued forwards between the orbits, 
to each of which the corresponding frontal furnishes a 
supraorbital ledge. 
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In the young bird the antero-ventral region of each 
side of the brain-case is formed by a separate bone, the 
stjiaamosal (jy), bounded by the frontal and parietal above 
and behind, by the alisphenoid (§ 42) in front, and by the 
exoccipital below. 

4- r . At the posterior margin of each orbit the curved side- 
^Is of the skull turn sharply inwards, forming a thin plate 
of lione — the orbital plate — which constitutes at once the 
anterior wall of the bvain-case and the posterior wall of the 
otbit. 

♦ a. In the young bird the orbital plate consists of two 

parts, — an upper and smaller portion, the orbital plate of 

the frontal {or.fr), an intumed portion of the latter 

tione, and a lower and larger portion, forming a distinct 

bone, the alisphenoid {al.s). 

^t 43. The interorbital septum {/.o. j.), a thin vertical plate 

^■Of t>one separating the orbits from one another, and uniting 

■iposteriorly with the orbital plates. 

M 44. The anterior part of its interorbital septum consists, 
\ in the young bird, of a separate bone, the mesethmoid 
\ (m.ef^^ tijg posterior part representing the presphenoid. 
f 45- In the dried skull the orbits are placed in com- 
rouriication with one another by two large vacuities, or 
interorbital fenestrae, situated one above the other, and 
occurring partly in the orbital plates, partly in the inter- 
orbital septum ; in the recent state they are filled in 
.__ by iiiembrane. 

46. In the membrane filling the uppermost interorbital 
fenestra there is a median aperture, the olfactory fora- 
^^'^j for the transmission of th« olfactory nerve from the 
! brain ; this is continued on each side by a groove, visible in 
the (ii-jed skull, which runs along the dorsal eJge of the 
'nteroi-bital septum and, at its anterior end, passes into an 
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aperture, which communicates with the nasal cavity, and 
serves for the passage to that cavity of the olfactory nerve. 

47. In the membrane filling the lower interorbital 
fenestra there is a median aperture, the optic foramen 
(11), for the transmission of the optic nerves from the brain 
to the eyes. 

48. The tympanic cavity ((y), an irregular depression, 
just behind the postero-inferior angles of the orbit, its 
oi>ening looking upwards and forwards: it is bounded by 
the squamosal above, by the exoccipital behind, and by the 
basitemporal (§ 50), beneath. 

49. The parasphenoid {pa.s)^ or basisphenoidal 
rostrum, an elongated thickened rod of bone, pointed in 
front, underlying the interorbital septum with which it is 
completely ankylosed in the adult : in the young bird it is a 
separate bone. At its base, it bears, on each side, a small 
facetted basipterygoid process, for the articulation of 
the pterygoid (§ 62). 

50. The basis cranii, or floor of the skull, extending 
from the lower margin of the foramen magnum to the base 
of the parasphenoid, and bounded externally by the lower 
margin of the tympanic cavity : in the young skull the 
hinder part of the basis cranii is formed, as already seen 
(§ 37), by the basioccipital ; in front of this is a large median 
bone, the basisphenoid, underlaid and concealed in the 
entire skull by the basitemporal, a large flat plate of 
membrane bone, which extends forwards to the base of the 
parasphenoid and outwards so as to form the ventral walls 
of the tympanic cavities. 

51. The anterior edge of the basitemporal projects over the base of 
the rostrum in the form of a delicate lamina of bone, between which 
and the rostrum Ls a small space into which the two Eustachian tubes 
open : a bristle may therefore be passed from this common Eustachian 
aperture (m) into either tympanic cavity (§§ 298, 318). 
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The character of the cranial bones as seen in a longi- 

1 section of the skull ; they consist of a dense but 

«ry thin outer layer or external table, of a similar inner 

ijer or internal table, and of an intermediate spongy 

nibslance or diploc : the latter is especially thick in the 

lor part of the frontals and in the basi- and para- 

lenoid. 

3. The hollows on the inner surface of the brain-case 
the lodgment of various parts of the brain : the basis 
lii is deeply concave from before backwards for the re- 
fion of the medulla oblongata (Fig. 58, ni.o) : in the 
nil region, or dorsal portion of the brain davity, is the 
;e cerebral fossa for the reception of the cerebral 
lisphere (Fig. 5S, c.h) ; below this and separated from it 
a well marked horizontal ridge of bone is the rounded 
fossa for the optic lobe (Fig. 58, o.l); behind and 
Dw these two hollows is the cerebellar fossa for the 
tbelium (Fig. 58, d), limited in front by a ridge — the 
itorial ridge — -which passes obliquely upwards and 
Awards from the basis cranii to meet its fellow of the 
iite side in the roof of the skull somewhat anterior to 
lambdoidal ridge. 
■S4. The auditory capsule, a considerable thickening 
the brain-case just external to the foramen magnum, and 
maching upon the optic and cerubellar fossa; ; it is 
iled above by a well marked semicircular ridge, which 
icates the position of the anterior semicircular 
lal, a swelling at its anterior end marking the position of 
ampulla of that canal (see figure of cod's auditory 
m, p. 123): within the arch of this canal is another 
fee, indicating the inner (anterior) portion of the pos- 
'or semicircular canal. 
"'^ position and relations of the three semicircnlar canals are best 
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seen by cutting away with a penknife the outer table of the cranial 
bones in the auditory region, and then carefully removing the diploe ; 
the canals are surrounded by a dense layer of bone, which, isolated 
in the way described, forms the bony semicircular canals, precisely 
corresponding in form and position with the contained membranous 
canals. The anterior canal is considerably larger than the other two ; 
the plane of the posterior canal is at right angles to that of the anterior, 
and its ampulla is on its lower or outer ( = posterior) end ; owing to 
this peculiarity in the position of the posterior canal, it crosses at right 
angles the horizontal canal, which has the normal position (see descrip 
tion of cod's auditory organ, pp. 122, 123, § 182). 

55. In the young bird the main part of the auditory 
capsule is formed by a single distinct bone, the prootic : 
two other ossifications are however formed, one upper 
and posterior, the epiotic, which early fuses with the supra- 
occipital, another ventral and posterior, the opisthotic, 
which becomes united with the exoccipitaL 

56. A little below the sweUing for the ampulla of the 
anterior semicircular canal, on the inner surface of the skull, 
are two small apertures, for the passage of the seventh 
(facial) and eighth (auditory) cerebral nerves. 

57. Below these apertures, and separated from them by a 
ridge of bone, is a small oval fossa with an aperture (ix, x) 
at the bottom of it, which leads directly on to the outer 
surface of the skull, and serves to transmit the ninth 
(glossopharyngeal), tenth (vagus), and eleventh (accessory) 
cerebral nerves. 

58. A small aperture within and behind the above is the 
condyloid foramen (xii) ; it also leads on to the exterior 
of the skull and transmits the twelfth (hypoglossal) cerebral 
nerve. 

59. Immediately below the optic fossa are two adjacent 
apertures which lead on to the anterior surface of the 
orbital plate, and serve for the passage of the fifth nerve 
(trigeminal). 
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6a. The quadrate {?«}, a short, stout, irregular bone, 
cticulating by a double head with two facets in the dorsal 
egion of the tympanic cavhy, the upper of the two facets 
leing furnished by the squamosal, the lower by the prootic : 
iiom its articulation, the quadrate takes a direction down- 
wards and forwards ; its inner border sends off a large 
pointed ascending process directed upwards, inwards, 

and forwards, while its distal end forms a transverse cylin- 

ilroidal articular surface or condyle for the mandible, 
fii. The columella {Fig. 4S), a small and delicate rod 

of bone, having its expandedinner end fixedin the fenestra 



i 



4E.— Columba livia. The columella s.i 
CMlilnginous parts are doited. 
Mtra-stapedial : t.it, infra-stapedial ; /.j 



a 

I 



Eupra-slapedial : si. 



"valig, a small aperture in the inner wall of the tympanic 
cavity, while its cartilaginous outer end is fixed, in the entire 
head, to the inner surface of the tympanic membrane (see 
§317, p. 250-) 

•"E culnmella conEists of a slender bony rod, having at its inner end 
'" oral plate of bone, the stapes (i/), and at its outer end a tri-radiate 
'^"'''Ec: tbe central division of the latter, forming the direct con- 
■wualion of the Blapedial rod, is the extra- a tape dial; the second 
'"""o, situated dorrally, U the supra -nt ape dial {i.sl) ; the third, 
"it^ in position, the infra-atapedial (i.si) ; the supra- is connected 
'we extra-stapedial by an oblique bar of cartilage. 

"^- The pterygoids (Fig. 47, ^t), short, stout, paired 
on the base of the skull, ench articulating behind 
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, with a facet on the inner edge of the corresponding quadrate, 
and passing inwards and forwards to the rostrum, a small 
facet on its inner surface articulating with the basiptery- 
goid process (§ 49). 

63. The palatines (^/), large paired bones passing for- 
wards from the anterior ends of the pterygoids : their poste- 
rior ends are scroll-like, their anterior ends slender and free 
in the young bird, but ankylosed in the adult with the 
maxillae (§ 67). 

64. The vomer, a small median bone, lying between the 
palatines at the anterior end of the parasphenoid. 

65. The lacrymal {Ic), a considerable bone forming the 
anterior wall of each orbit, and articulating above with the 
corresponding frontal. 

66. The premaxillae {pmx), paired bones forming the 
greater part of the beak, and completely ankylosed with one 
another in the adult : the anterior or free ends of the united 
bones form the strong pointed extremity of the beak, from 
which three processes are given off on each side : the first 
of these, the pasal process, passes upwards and back- 
wards on the dorsal aspect of the beak, fused with its 
fellow of the opposite side, to join the anterior edge of the 
frontals; the palatine process extends backwards and 
slightly outwards on the ventral aspect of the beak, and is 
fused in the adult with the corresponding palatine ; and the 
maxillary process passes backwards and outwards, 
external to the palatine process, forming the edge of the 
beak, and uniting posteriorly with the maxilla. 

67. The maxillae {mx), continuing backwards the max- 
illary processes of the premaxilloe, to which they are anky- 
losed in the adult : anteriorly the inner edge of each is 
produced into an inwardly-directed, spongy mass of bone, 
the maxillopalatine process {mxp), which is ankylosed 
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in the adult to the maxilla : the remainder of the maxilla 
forms a very slender rod of bone. 

6S, The jugal (Ju), a slender bone, continued backwards 
from the hinder end of the maxilla, with which it is ankylosed 
in the adult. 

69. The quadrato-jugal, a similar bone to the jugal, 
to which it is fused in the adult, and from which it is 
continued backwards, its posterior end being attached by 
ligament to the outer edge of the quadrate just above its 
condyle. 

70. The nasal (na), a long, forked bone, fitting against 
the anterior edge of the frontal, and having a short external 
process (na'^) which extends obliquely downwards and for- 
wards to the maxilla, and a longer anterior process (W) 
which passes forwards external and parallel to the nasal 
process of the premaxilla. 

71. The anterior nasal fossae, large vacuities one on 
each side of the beak, bounded above by the internal pro- 
cesses of the nasals and nasal processes of the premaxillae, 
below by the maxillae, and behind by the external processes 
of the nasals. 

72. In the fresh state, the mesethmoid (§ 44) is continued forwards to 
the end of the beak by a plate of cartilage, the septum nasi, which 
forms a median vertical partition between the nasal cavities : it is 
produced on each side into scroll-like masses of cartilage, the 
turbinals. 

IX. In the lower jaw note : 

73. The complete fusion, in the adult, of its two halves 
or rami in a short median symphysis. 

74. The posterior half of each ramus can be separated as 
a distinct bone which fits by a jagged edge into the 
corresponding anterior portion : in the young bird, this 
proximal portion of the mandible consists of three separate 
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bones; a stout irregular articular (ar), fumishbg i 
articular cavity for the quadrate, and continued forwsrfi 
into a sknder Meckel's cartilage ; a splint-like bone,d 
angular (an), covering the ventral edge of the atticnl 
and Meckel's cartilage ; and the supra -angular (sM 
similarly related to their upper edge. 

75- From the inner face of the distal portion of 
ramus a thin splint, the splenial, can be separated ei 
in the adult : the remainder of the dista! portion is I 
dentary {J). 

X. Observe in the hyoidean apparatus : 

76. The body of the hyoid, consisting of three disti 
portions : the first or glosso-hyal, is cartilaginous t 
arrowhead- shaped, the second or basi-hyal, is a di 
stout bone, articulating in front with the glosso-hyal, I 
behind separated by a cartilaginous interval from the tl 
portion or basi-branchial, which consists of a sleB 
bony rod with a free cartilaginous extremity. 

77. The anterior cornua, short, paired, cartilagnt 
rods, proceeding backwards and outwards from the posta 
end of the glosso-hyal, like the barbs of the arrowhead. 

78. The posterior cornua, slender paired rods, spring- 
ing from the cartilaginous junction between the basi-hyal 
and basi-branchial, and curving backwards, outwards, ana 
upwards : each consists, first, of a proximal or ventnl 
portion, a slender bony rod, the cerato-branchial ; ih>s 
is connected at its distal end with a similar rod, the cpi' 
branchial, which terminates distally in a slender points*' 
cartilage, 

XI. Make out the characters of the sternum aS 
follows ; 

79. The body or corpus sterni, a horizontal boat- 
shaped plate of bone, its right and \e(i halves inclinec 
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one another so as to include an obtuse dihedral angle, the 
transverse sternal angle. 

80. The middle xiphoid process, a narrow, flat, 
median plate, forming the hinder end of the corpus 
stemi. 

81. The internal xiphoid processes, flat paired 
plates proceeding outwards and backwards from the corpus 
stemi at the point of origin of the middle xiphoid process, 
with the posterior border of which they are connected by 
narrow bridges of bone : two large fenestras, covered in the 
recent state by membrane, "are thus enclosed between the 
middle and internal xiphoid processes. 

82. The external xiphoid processes, similar to but 
much larger than the internal xiphoids, and passing back- 
wards and outwards from the lateral borders of the corpus 
sterni, about half way between its anterior end and the 
origin of the internal xiphoids. 

83. The costal border, or that part of the outer edge 
of the sternum lying anterior to the external xiphoid process : 
it is produced in front into a forwardly directed costal 
process, and presents four facets for the articulation of the 
sternal ribs. 

84. The manubrium or rostrum sterni, a small blunt 
median prolongation of the anterior border of the corpus 
stemi. 

85. The pneumatic aperture, a small aperture on the 
dorsal surface of the corpus sterni about a centimetre behind 
Its anterior border: through it the interclavicular air-sac 
(§ 164, p. 218) communicates with air spaces in the bone; 
these spaces can be seen as a delicate transparent network 
by holding up the sternum to the light. 

86. The coracoid grooves, deep paired fossae on the 
anterior border of the body of the sternum, extending 
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from near the middle line immediately ventral to lit 
rostrum, outwards and slightly backwards to the cosUl 
processes. 

87. The keel or carina sterni, a median ventral pUtfr 
of bone, running along the whole middle ventral line of lift 
corpus sterni from the base of the rostrum to the midiile 
xiphoid process ; its depth is about equal to the breadlli of 
the body of the sternum. 

88. lu a bird about three ar four weeks old, the sternum isformrfrf 
three liUlinct bones : one incitiac, the lophosteon, ossifyia;^ 
part of ihe body and the keel, and an external pair, the pleurosMV 
forming the Jateral pai(3.' 

XII. In the shoulder girdle note : 

89. Thecoracoids, paired rod-like bones, articulatingl^ 
their laterally expanded ventral ends with the coracoidgroovfl 
of the sternum, and passing forwards, upwards, and slight^ 
outwards : each coracoid is somewhat depressed from abov^ 
downwards, and presents at its upper end a thickened headi 
immediately below the head on the dorsal side of the 
are two facets for the articulation of the scapula ; on dB 
inner border at about the same level is a facet for the he 
of the furcula (§ 91), and on the outer border a lai( 
dcmi- facet which forms the anterior half of the glenol 
cavity for the articulation of the wing : towards the in 
border of the upper end of the coracoid is a groove pass 
into a canal which opens on the upper surface of the hi 
between the scapular facets, and serves for the passage of 
tendon of the subclavius ^§ 326, p. 253) : this cavity, bcinS 
completed by the articulation of the scapula (§ 90) and th^ 
furcula (§ 91) with the coracoid, is known as the forameP 
triosaeum. 

' In the young chick a ^parate pair of ossifications, the 
(jivea rise to the internal and external xiphoid processes. 
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90. The scapula, a sabre-shaped bone, articulated 
immovably to the corresponding coracoid, so as to make 
with it a somewhat acute angle — the coraco-scapular 
angle, and passing backwards over the ribs : its proximal 
or anterior end is expanded, and presents two facets for 
articulation with the coracoid, and, externally, a large demi- 
facet which completes the glenoid cavity. 

91. The furcula, or "merrythought," a V-shaped bone, 
articulating by a facet on the outer surface of each of its 
extremities with the facet already seen on the corresponding 
coracoid, and passing backwards and downwards, its angle 
being connected by ligament with the carina stemi. 

92. In the young bird, the furcula consists of separate paired bones, 
the clavicles, with a small median ossification, the interclavicle. 

XIII. Note in the fore-limb : 

93. The general composition of the limb : it consists of a 
proximal division, the brachium, containing a single bone, 
the humerus ; a middle division,- the antibrachium, 
containing two bones, a larger, the ulna, and a smaller, the 
radius ; and a distal division, the manus. 

94. The position of the parts : in the position of rest the 
three divisions are bent upon one another in the form of a 
Z ; extended for flight, they are almost in the same straight 
line : in the latter case the limb presents a dorsal and a 
ventral surface, pre-axial or anterior, and post-axial 
or posterior, borders; the radius is then seen to be pre- 
axial, and the ulna post-axiaL In the position of rest, the 
humerus extends backwards from its articulation with the 
shoulder girdle, undergoing at the same time a slight 
rotation, so that its dorsal surface looks inwards and 
upwards, and its pre-axial border outwards and upwards; 
the antibrachium has its dorsal surface directed outward 



aca ZOOTOMY, 

and its pre-axial border upwards ; in the manus the dois" 
surface looks upwards and the pre-axial border downwiws 
and forwards. 

95. The humerus, an elongated bone, consisting of* 
cylindrical shaft and of two extremities ; the proxims^ 
extremity presents a rounded elevation or head for articU^^' 
tion with the glenoid cavity, a triangular process, the greate*" 
or radial tuberosity on the pre-axial side, and an irregul^^ 
elevation, the lesser or ulnar tuberosity on the post- 
axial side : on the distal surface of the latter is a deep 
excavation leading to the pneumatic foramen which 
communicates with a larg« air-cavity in the shaft of the 
bone. The distal end of the humerus has a puiley-hke 
surface or trochlea, with two raised articular surfaces, on^ 
— the radial tubercle — pre-axial and set obliquely, the 
other — the ulnar tubercle — post-axial and nearly at right 
angles to the first : just external and proximal to the radial 
tubercle is a small roughened elevation, the radial condyle ; 
the ulnar condyle is similarly related to the ulnar 
tubercle, 

96. The radius, a straight slender bone, articulating by 
its discoid concave proximal extremity or head with tb* 
radial tubercle of the humerns: its distal end bears an obliqiiftj 
elongated convexity for articulation with the carpus ; it is nc* 
pneumatic 

97. The ulna, a curved bone, having its concave sii^ 
towards the radius which it considerably exceeds in thidC' 
ncss : its proximal end presents a concave surface, 
sigmoid cavity, set obliquely to the shaft for articulat 
with the humerus, and is produced beyond this facet, pos 
axially, into a short, blunt process, the olecranon ; a sh( 
process is also given off from the dorsal and pre-axial 

Kes the head of the radius. 
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98. The carpus, or proximal division of the manus, con- 
sisting of two short bones, the smaller (radiale, Fig. 49, 
(?- 1 ) articulating with the radius, the larger (ulnare, ^. 2) 
with the ulna, 

9g. The metacarpus or middle division of the manus, 
consisting of (a) a large cylindrical bone, the second meta- 
carpal {mcp.z); (b) ,1 slender curved bone, the third 
metacarpal (wcp.^), on the post axial side of the second, 
lo -which it is ankylosed at its extremities, its shaft remaining 




Fig, ^9.— Columba livia. The left 
''sa daj5 old), viewed from the outer (i 

The cartilaginonEi parts are doited, 

If,!, radial, and cfi.2, ulnar cirpal : nap.x, first, mcp.-z, second, and 
"^■^, third, metacarpal : /A, 1, phalanx of polkx ;/i,2, proximal, and 
''*'l> distRl phalanx of second digit : /;f, 3, phalanx of third digit : ra, 
"iinj ; «/, ulna. 

ffse; (;) the first metacarpal {nicp.i), forming merely a 
Projecting process on the pre-axial border of the proximal 
end of the second. 
100. The phalanges, forming the distal division of 
l«ie manus: one pointed bone (//(. i), attached to the 



rudimentary first metacarpal is the single phalanx of the ^'^' 
digit or pollex : the second digit has two phalanges, t'"^ 
proximal one {ph. 2) being flattened and very thin on >■* 
post-axial side, the distal one {ph.z") pointed and conc3*'*^ 
dorsally: the third metacarpal bears a single pointe'i 
phalanx {ph.i). 

loi. In the young bird the metacarpals are distinct bonc^ 
with cartilaginous epiphyses. 

XIV. Make out the characters of the pelvis or h'P 
girdle as follows : 

I02. It consists of two paired bones, the ossa inno- 
minata (Fig. 50), more or less extensively ankylosed to 
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Fig. 50.— Columba Uvia. Left o 

lurteen days), viewed from «'iliout ( x 2). 

The cartiUge is distinguished by dotting. 

or, acctnbulnm : a./r, atiti-troclianler ; il, pre-, and il, \ 
ai:etabular portion of ilium : >r, ischium : i.s.f, ilio-scialtc tutu 
ob.f, obturator fissure :/«, pubis. 

the sacrum in the adult, but easily separable in the yoaiP^ 
bird. 

103. The acetabulum (Fig. 48, ac), a rounded articula-^ 
cavity on the outer surface of each os innominatum, pet-^ 
forated by an aperture, and serving for the articulation of the 
kg : its postero-dorsal region is prolonged into a distinct 
facet, the anti-trochanter {a.tr). 
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104. The ilio-sciatic forEtmcn (is./), a large aperture 
in mediately posierior to the acetabulum. 

105, The pubis (Jm), a sleniier bony rod, forming the 
ventral part of the acetabulum and the ventral border of 
Uie post-ace tabular portion of the innominate bone: it is 
separated from the rest of the bone by a long cleft, the 
obturator fissure (c^/), 

1 06. The ischium (/>), consisting of that part of the 
post -acetabular portion of the innominate bone which lies 
above the obwrator fissure and below and behind the ilio- 
sciatic foramen ; at the acetabulum it is ankylosed with the 
anterior end of the pubis. 

107, The rest of the os innominalum is formed by the 
'lium (tV, it), which consists of pre- and post-ace tabular 
Ptirtions, the former (Jl) ankylosed at the ventral boundary 
"f the acetabulum with the pubis, the latter (17) ankylosed 
*ilh the ischium in the posteio-dorsal region of the 
■"^etabulum, as well as behind the ilio-sciatic foramen. 

loS. In the young bird the os innominatum consists of 
^ distinct mass of cartilage of the same shape as the adult 
''"ne, in which the ilium, ischium, and pubis are fomieil 
■^ Separate ossifications, which unite with one anotlier at a 
^tEt period. 

XV. In the leg make out : 
105. Its general composition ; it consists of a proximal 
■liviEion, containing a single bone, the femur ; a middle 
division, the crus or shank, containing a large bone, the 
tibio-tarsus, and a small and imperfect one, the fibula ; 
and a distal division, the pes, formed of a cylindrical 
tone, the tars o- metatarsus, to which four digits are 
atiached. 

10. The position of the parts : the femur is directed 
downwards and forwards from its articulation with the 
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pelvis ; the cnis is directed downwards and slightly bacH 
wards, the tarso-raetatarsus downwards and slightly forward^ 
three of the digits are directed forwards and rest with their 
whole lower surface on the ground, while the remaining toe 
—the hallux or lirst digit — is directed backwards, and 
slightly raised from the ground at its proximal end. 

1 1 r. If the leg is extended outwards at right angles to th« 
body it is seen to present, lite the fore-limb, dorsal and- 
vental surfaces and pre-axial and post-axial borders 
natural position of the pails the pre-axial border is internal 
throughout the whole limb ; the primitively dorsal surface 
looks upwards and forwards in the femur, forwards and 
slightly doivnwards in the cms, forwards and slightly npwanJt 
in the tarso-metatarsus, and upwards in the digits. 

1 1 2. The femur, a cylindrical bone consisting of shaft. 
and extremities : the proximal extremity is produced 
the pre-axial (inner) side into a rounded elevation or head, 
the axis of which is at right angles to that of the shaft, aii 
which serves for articulation with the acetabulum: post- 
axiallyis a large irregular elevation, the great trochanteft 
and between it and the head on the actual proximal end of 
the bone is a facet which works against the anti-trochanl 
(§ 103). The distal end of the femur is pulley-like, d 
formed of two condyles; of these the outer or posl 
axial condyle is deeply grooved in its ventral region, thU* 
furnishing the fibular fossa for the articulation of ih^ 
fibula ; the rest of the outer and the whole of the wn^ 
condyle articulates with the tibio-tarsus. 

1 1 3. The tibio-tarsu s, a cylindrical bone about half t 
long again as the femur ; its shaft, together with the proi 
extremity, corresponds to the tibia ; its dista! extreniity 
presents the proximal portion of the tarsus, and thi 
really belongs to the pes. The proximal extreiuity 
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two slightly concave articular surfaces for the condyles of the 
femur, and is produced in front (dorsally) into a prominent 
cnemial crest divided into two diverging plates. The 
distal exuemity is pulley- shaped, and its transverse axis is 
inclined at an angle to that of the proximal extremity : the 
two condyles of which the distal pulley is formed are 
more prominent on the anterior (dorsal) than on the 
posterior face of the bone, thus differing from the very 
'milar condyles of the femur. 
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Fic, ;i. — Ccilumba livia. Left tarso-metatarsus of an nnhatchcd 
labryo, with the dklal end of Ihe libio-tarsiis, viewed from Ihe 
antajOT (dorsal) face ( x 5). 

The tarsal caclilages (i7.l, //.i) are represented as separated from 
fteSbia and metatarsus respectively. 

The Gart>lag;mous parts are dotted. 

"ill.i, second, mli.^, third, and m'l,^, fourth metatarsal : li, tibia : 
".I, pronimal tarsal cartilage, afterwards fnsing with tibia ; tl.t, distal 
•fsal cartilage, afterwards fusing with 



114. In a pigeon embryo towards the end of incubation, 
the distal end of the tibio-tarsus is a separate cartilage, the 

, proximal tarsal cartilage (Fig. 51, //.i) : its separateness 
in the cartilaginous state distinguishes it from an epiphysis, 

\ Vhich is a distinct ossification in a continuous cartilage. 



iig. The patella, a small nodule of bone in front « 
the knee-joint, connected by ligament with the femur iW* 
tibio-tarsus. 

ii6. The fibula, a slender bony rod attached to iheouttf 
(post-axial) side of the tibio-tarsus : its proximal end article 
lates with the fibular fossa in the outer condyle of the femdi 
distally it undergoes a gradual diminution in diameter an 
finally fuses with the tibio-tarsus. 

117. The tarso-metarsus, a cylindrical bone articulatt 
to the distal end of the tibio-tarsus, its proximal end bearing 
two concave surfaces for the condyles of the latler bone: 
behind (ventrally) it is produced at its proximal end into* 
strong crest, on either side of which is a small foraint 
passing through to the somewhat concave anterior face of 
the bone : its distal end is trifurcate, the middle division 
being the longest, and each bearing a pulley-like sur6( 
for the articulation of one of the toes. That part t 
tarso-melatarsus which lies above (proximal to) the ti 
foramina represents the distal tarsals : in the remainder 1 
the bone, the two foramina and trifurcate distal ends mdical 
a division into three longitudinal parts, the second, ll 
and fourth metatarsals. The joint between the t 
tarsus and tars -metatarsus is conveniently known as 
mesotarsal articulation, being between the 
and distal tarsals. 

ri8. In an embryo towards the end of incubation, 1 
proximal extremity of the future tarso-metatarsus U 
separate cartilage, the distal tarsal cartilage (Fig. j 
ll.i) anA the remainder is formed of three separate 1 
bones, (metatarsals, mti.2, miLj,, ot//. 4), inclose contact B 
at their distal ends. 

119. The hallux, or first pre-axial digit, consisting 
separate metatarsal, united by ligament to the inner b 
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of the tarso-metatarsus near its distal end, and of two 
phalanges, a proximal and a distal, the latter modified for 
the support of a claw. 

120. The three forwardly directed toes, representing the 
second, third, and fourth digits, and having their metatarsals 
united to form the tarso-metatarsus : the second digit, or 
innermost of the three, consists of three phalanges, the next 
of four, and the fourth or outermost of five, the distal pha- 
lanx in each case being modified for the support of 
a claw. 



B.— DIRECTIONS FOR DISSECTION. 

XVI. Either pluck the feathers from one side of 
the bird, leaving the other side untouched, or 
better, have two birds for comparison, one entire, 
the other plucked : note the following external 
characters : 

121. The division of the body into head, neck, trunk, 
and limbs : the relatively great length of the neck : the 
absence of a true tail, the body terminating posteriorly 
in a short obtusely conical process, the rump or 
uropygium. 

122. The great influence of the external covering of 
contour feathers or pennae in determining the contour 
of the body, the form of the plucked bird being altogether 
different from that of the entire one. 

123. The filoplumes, small, hair-like feathers, situated 
between the contour feathers, and exposed by the removal 
of the latter in the plucked bird. 

124. The rounded form of the cranial portion of the 
head, and the production of the facial portion into a 



beak, devoid of feathers but covered with a strong, homy 
sheath, except at the base, where there is on each side a 
tumid naked area of skin, the cere, 

lag. The mouth, bounded above and below by the 
upper and lower divisions of the beak (upper and lower 
mandibles of omithologists). 

126. The nostrils, or external nares, oblique, slit- 
like, paired apertures immediately in front of the cere. 

127. The eyes, situated a little posterior to the angle of 
the mouth : each is provided with an upper and a lower 
eyelid, both devoid of feathers, and with .1 nictitating 
membrane, which is easily found in the anterior angle 
of the eye, and can be pulled backwards over the eye as a 
whitish, semi-transparent membrane. 

12S. The auditory aperture, situated a short distance 
below and behind the eye, of a rounded form, and lead* 
ing into a canal, the external auditory meatus : in the 
entire bird the auditory aperture is quite concealed by the 
feathers. 

129. The flaccid condition of the skin about the neck* 
due to the more or less empty condition of the croP 
(5 15°)- 

130. The breast of the bird, fomied by the muscl^ 
covering the sternum : the keel of the latter (§ 87) can ^ 
felt as a median bony ridge extending from a short distan^^* 
behind the root of the neck to within ij inches of 0>^ 
posterior extremity of the body. 

131. The soft, ventral, abdominal walls behind ih^ 
posterior edge of the sternum, bounded externally aoJ 
posteriorly by the pubes (§ 105). 

132. The vent, or cloacal aperture, a considerable 
transverse cleft with tumid lips, situated on the venliid 
surface of the hinder end of the trunk. 




THE PIGEON. 211 

133. On the dorsal surface of Ihe conical poslerior extremity of the 
n small pnpilla. on ilie njieit of wliicll opens tbe duet of liie 
ropygial or oil-gland (g 296, p. 247). 

134. The division of the fore-limb or wing into a 
bronimal portion, the brachium or upper arm, a middle 

^ portion, the antibracbium or fore-arm, and a distal portion, 
Ihe manus or hand, the three divisions being bent upon 
one another when at rest in the form of a 2 ■ the absence of 
distinct digits, except in the case of the pollex or thumb, 
which forms a small projection on the pre-axial (§ 94) border 
of the nianii5 at its proximal end. 

135. The alar membrane, a fold of skin, extending 
between the proximal end of the fore-arm and that of the 
'■and on the pre-axial side. 

136. The division of the hind-limb into a proximal 
portion, the thigh or femur, a middle portion, the shank or 
•^rus, and a distal division, the foot or pes ; the latter 
consists of a proximal stem, the tarso-metatarsua, and of 
four digits, the first (pre-axial, § m) of which is directed 
backwards, and all of which terminate in strong claws. 

137. The arrangement of the feathers on the neck and 
''unk : they are not continuous, but form a number of 
teather-tracts or pterylse, separated by featherless 
spaces or apteria: the former being indicated in the 

1 plucked bird by the scars left by the removal of the 
■ feathers.^ Along the dorsal surface nms the spinal tract, 
1 ftp cervical portion of which is particularly well marked, 

' The ptetylosis, or feather arrangement, is better made out in the 
^<pvmw Qian in the pigeon, as in the Utter tlie feather tracts lend 
F fr mn together : in (he sparrow, on the contrary, the spinal tract is 
lIoiDst linenr, broadening out only in the lumbar regian ; the ventral 
(net consists of iH-o very narrow bantls separated by an inferior space 
occapying nearly the whole of the pectoral region ; the lateral spaces are 
slso very large. 



and bifurcated posteriorly t on the ventral surface is t 
ventral tract, divided in the region of the trunk into tm 
lateral portions separated from one another by the median 
inferior space : throughout the greater part of its exteni 
the ventral is separated from the spinal tract by the lateral 
Spaces, one on either side of the trunk and neck. 

138. The arrangement of the tail feathers ; attached along 
the posterior edge of the rump are twelve large rectriceS: 
or tail quills, the position of which is indicated by well 
marked scars in the plucked bird : the proximal ends of the 
rectrices are covered both above and below by smaller 
feathers, the tail coverts, attached to the upper and unda 
surface of the rump. 

139. The arrangement of the feathers on the wing: along 
the post-axial edge of the antibrachium and manus h 
attached a row of about twenty large remiges or wing 
quills, of which those attached to the manus are ihe 
primaries, those attached to the antibrachium the 
secondaries: their position is dearly indicated in thl 
plucked bird by large scars. Both on the upper and unde 
surface of the wing the remiges are largely covered by th 
upper and under wing coverts, which also form the entir 
feathery covering of the upper arm : on the dorsal surface C 
the latter the feathers are arranged in a well marke 
humeral tract : the secondary upper wing coverts sprin 

from an alar tract. A special tuft of feathers spriq( 

from the pollex, and constitutes the ala sptiria or bastaci 
wing. 

140. The arrangement of the feathers on the leg: there! 
a well defined femoral tract on the dorsal surface of t 
thigh, and a weak crural tract on ihe shank. 

141. The absence of feathers on the pes, which is cover 
instead by homy scales : these are especially large on t 



I 
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anterior (dorsal) surface of the tarso- metatarsus and on the 
dorsal surface of the toes. 

XVII.i In one of the large quill feathers make out the 
following points; 

142. The Stem, or scapus, consisting of a proximal 
' portion, the tube or calamus, which is cylindrical and 

hollow or nearly so, and of a distal portion, the shaft or 
rachis, which is somewhat quadrate in section, grooved on 
its ventral * side, and formed internally of a white, pith-like 
substance. 

143. The barbs, delicate tapering processes, flattened in 
a direction at right angles to (he long axis of [he feather and 
attached in two rows one on each side of the rachis ; they 
constitute, taken togethra-, the vane or vexillum of the 
feather. 

144. The inferior umbilicus, a small aperture at the 
proximal end of the calamus, by which the feather-papilla 

tenters the latter. 
145. The superior umbilicus, a small oblique aperture 
ft the junction of the calamus and rachis, putting the 
feavity of the former in communication with the exterior, 
I XVIII. Cut off a small piece of the vane and examine it under a 
I moderately hifih. power of the microscope, taking care lo 

[ dialLu^i^h belween the dorsal and ventral surfaces, and the 

[ pioxima! and distal ends of the piece. It is advisable to soak 

[ the fra{<7iient for a short time in alcohol, so as to remove the 

I air, and then to eiamine in glyceiine. Note : 

146. The barbules, small pointed processes, attachedobliquelyintwo 
rows one on each side of the barbs, to which Ihey are related in the 
same way as are the laller to the rachis ; they are so disposed that the 
" It will probably be found convenient, in practice, to omit Sections 
VII— XIX until the dissection of the soft parts is completed, and lo 
>ceed from § 141 to Section XX., p. 214. 

* That is, the lower side in the case of the temiges and rectrices, or 
case of the ordinary contour feathers. 
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distal barbules of any given barb overlap and cross at an angle the 
proximal barbules of the barb next in advance. 

147. The booklets, minate curved processes on the distal barbules, 
by means of which the latter are hooked on to the proximal barbules of 
the next succeeding barb : the proximal barbules themselves are devoid 
of booklets. 

XIX. Pluck out a filoplume and examine it in the same way: 
note : — 

148. The delicate stem, showing no distinction between calamus 
and rachis. 

149. The rudimentary vane, consisting of a few barbs with simple 
dicunited barbules. 

XX. In the plucked bird, thrust a blowpipe into the 
mouth and loop a string round the base of the 
beak immediately behind the cere, tightening it 
just enough to hold the blowpipe in place and 
prevent the escape of air : inflate until the neck 
and abdomen are greatly swelled owing to the 
distension of the crop (§ 150) and the air-sacs 
(§ 159) : withdraw the blowpipe, at the same time 
tightening the ligature : then knot the latter to 
prevent its loosening. 
By this method both crop and air-sacs are inflated 
simultaneously without injury to any of the 
structures to be afterwards examined : if in the 
course of dissection one or other should collapse 
— ^which is certain to happen sooner or later — cut 
across the trachea (§151) and inflate the crop from 
its anterior and the air-sacs from its posterior end, 
ligaturing as before.^ 

* If it is desired to make a careful dissection of the air-sacs, dissect 
away the muscles from the humerus, and cut that bone across a short 
distance from its distal end : slip over the cut end a piece of indianibber 
tubing, to the other end of which is fixed a short glass tube : fix the 
latter in a vertical position : make an incision into the trachea and 
*nsert a cannula directed backwards, tying it securely : inject slowly with 
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rMake a longitudinal incision through the skin over the 
keel of the sternum, and continue the incision 
backwards to the vent and forwards to the throat : 
dissect away the skin from the whole ventral 
surface of the body and reflect it right and left, 
being especially careful in removing it from the 
crop, to which it is closely adherent. Note ; — 
>5o. The cesophagus or gullet, a wide thin-walled 
tulle, lying along the ventral aspect of the neck, and 
enlarging posteriorly into a bilobed dilatation, the crop : 
both gullet and crop are now unnaturally distended. 

151. The trachea, a narrow tube, surrounded at short 
'ntetvals with bony rings, which give it an annulatcd 
T>pearance : it lies, on the ventral side of the anterior end of 



the 



gullet, but soon crosses to the left and passes to the 



'^*^>Ta! side of the crop. 

152. The jugular veins, large vessels, usually gorged 
'*''tli blood in a freshly killed bird, running one on each side 
°' the neck, dorsal to the crop; each jugular is seen to 
fs<;«ive feeders from the gullet and crop, as well as from a 
i^ore or less extensive venous plexus in the skin of 
tt^e neck. 

>S3. The pectoralia major, a large muscle forming 
*"^ greater part of each side of the breast : its fibres are 
readily seen to arise from the carina sterni and from the 
clavicle, and to pass forwards and outwards, converging 
^ they go, to the ventral aspect of the humems (see 
§3'7. p. 252). 
•54- The abdominal muscles, forming the soft fleshy 

Plssler of Paris or gelatine (see p. 48, § 162) until theinjectius fluid risea 
"I the gJiiss lube. When the plaster or geLitine has fet, remove the india- 
""hbcr tube from the humerus, and proceed as directed, in the succeeding 
Pawgraphs. 



ventral walls of the body between the posterior edge of if" | 
sternum and the pubes. 

15;. The rectus abdominis, a narrow' paired muscle fomed dF 
longitudinal fibres, fonninfi wilb its fellow the raedinn portion ofllW 
vertral abdominal iiall : il extends from the posterior bordEi nl ill* 
sternum to Ihe pubis ; its posterior portion is tendinous. 

156. The obliquus cxtemus, a broajl sheet of muscle forming ll>' 
lateral portion of the abdominal wall, and extending, in front, oyer Ac 
posterior riba : the muscle proper, consisting of fibres directed dcwo— 
wards and backwards, only citends about half way between ll>^ 
posterior border of llie sternum, and the pubis, but is continued \nA^- 
wards to the latter bone by a strong sheet ot connective tis'K r>r- 
aponeurosis. 

157. The obliquus intemus, situated lienealh the external obliq=c» 
which must be removed to sbow it : it ia almost co-extensive nith ih* 
extcrnni oblique, and like it, its posterior portion is aponeurotic: '*^ 
fibres are nearly longitudinal in direction. 

153. The tranaveraus abdominis, lying beneath the internal obliil"* 
and formed of transversely directed fibres, which are seen through 1*'*^ 
posterior or aponeurotic portions of the obliqui. 

XXI. Make a median longitudinal incision through 
the abdominal walls from the posterior edge "^ 
the sternum to the vent : frotn the anterior end ^ 
this cut make transverse incisions along t" 
posterior border of the sternum, taking care i*" 
to cut too deeply and so injure the air-s* 
(§ 159) ; carefully retJect the flaps of muscle tt>**^ 
separated, and note : 

159. The (abdominal) posterior air-sacs, one '''^ 
either side of the body-cavity or ccelome now expose** * 
they are transparent thin-walled sacs, unnaturally distend^*^ 
with air, and largely concealed at present by the gr^* 
omentum {g 161) and the viscera (g 162). 

160. The posterior-intermediate air-sacs, l^g o*** 
nn each side immediately in front of the correspon^M**^ 
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abdominal sacs : to see them the edge of the sternum must 

be slightly raised. 

161. The great omentum, a sheet of membrane, 
loaded with fat, which covers the contents of the abdomen ; 
by carefully lifting it the posterior air-sacs will be better 
displayed. 

162. Some of the abdominal viscera (liver, intestine, 
&C.) can also be seen at this stage of the dissection, but are 
best examined later (§ 171, &c.). 

XXII. Carefully dissect away the crop from the 
anterior surface of the sternum and pectoral 
muscles, taking care not to injure the inter- 
clavicular and prebronchial air-sacs (§ 1 64) : make 
a longitudinal incision through either of the great 
pectoral muscles close to the carina sterni, — ^the 
incision should be about half an inch deep at the 
anterior end of the carina, gradually diminishing 
in depth as it is continued backwards, and must 
be made with considerable care, so as not to 
injure the subclavius muscle (§ 166): continue 
the incision forwards, gradually separating the 
pectoralis major from the furcula, and from the 
posterior end of the incision continue it outwards 
so as to separate the muscle from the corpus 
sterni : when these attachments, together constitut- 
ing the origin of the pectoralis, are cut through, 
the muscle will come away quite easily from the 
underlying parts : reflect it outwards, taking care 
not to injure the pectoral vessels (§ 168) or the 
axillary air-sacs (§ 165), and note : 

163. The distal portion of the gullet, passing backwards 
from the crop, of which it looks like a middle lobe, to reach 
the body-cavity. 
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164. The interclavicular air-sac, situated at tbe 
bottom of the pit bounded at the sides by the furcula anil 
pectoral muscles, in front by the crop and by the carina; 
it is distinctly bilobed, being formed by the fusion of t™ 
sub-bronchial air-sacs, and extending on either side «f 
the gullet : immediately dorsal to each of its lobes is one o! 
the paired prcbronchial air-sacs. 

165. A prolongation of the interclavicular air-sac on och 
side into the corresponding axilla, placed just external 
to the coracoid, and covered immediately by the pectotili* 
major. 

166. The subclavius or pectoralis secundns, ^ 
broad flat sheet of muscle, arising from the' dorsal pgrUoH* 
of the keel and median portions of the body of the stetnuw^' 
it is a bi-pinnate muscle, that is, is divided lonf*' 
tudinally by a tendinous band to which the fibres of either 
side converge: anteriorly it is seen to pass forwards an ^^^ 
outwards between the furcula and the axillary prolongation* 
of the interclavicular air-sac 

167. Tbe coraco-brachialis longus, a small musd^ 
lying external to the anterior portion of the subcla«us, incf 
passing forwards and outwards dorsal to (beneath 
present position) the axillary portion of the interclavicuUr 
air-sac. 

168. The pectoral arteries and veins, large v 
distributed to the pectoral muscles, and, at present, p 
venting further reflection of the pectoralis major.' 

' The injection of the pigeon's vascular system is best perfomwd * 
the fallowing wiy. As Eoan as Ibe bird, killed with ctilorofonn <* 
potassic cynnide, is dead, pluck the breast, expose the peclonl vcsxlsoT 
onesidcudirectediD Section XXII., cut (hronghtbese vessels u 
possible to the reSccted pector^is major, and allow to bleed. 
should be done with the greatest rapidity, as birds' blood coagnktet 
very quicl.ly, and it is essential to success lo allow as muc" 
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^III. Ligature the pectoral vessels, if the subject is 
not injected : cut through the origin of the sub- 
clavius and reflect it : cut away the greater part of 

I both pectoralis and subclavius, leaving a recognis- 
able portion of the anterior end of each still 

I attached to the upper arm : do the same on the 
other side, thus exposing tlie whole sternum as 
well as the greater part of the coracoids and 
furcula: make a longitudinal cut, with strong 

I scissors, through one side of the sternum parallel 
and close to the keel, and extending to about the 
middle of the latter ; gradually cut or break away 

I the posterior part of the body of the sternum 
external to this incision until the following 

I structures can be seen : 

K The anterior-intermediate air-sac, immediately 

taof the corresponding posterior-intermediate (g i6o). 

I. The falciform ligament, a median vertical sheet 

atoneum, attached along the middle line of the sternum, 

Bsing dorsalwards among the viscera {§ 185). 



^e. Remove the corpus sCemi on the same side, so as Co expose 
■t and see the origin of the pectoral vessels (g 16S) : insert a 
ft iaio the pectoral artery through the incision already made, tic 
kand iaject towards the heart: in this way the whole of the 
llTttem ii filled. The systemic veins niay be injected from the 
^-vdn, but better results are obtained by injecting from the 
^mesenteric veia'(9 197), the cannula being injected backwards, 
I1 the renal portal veins : the severed pectoral vein should first 
tflr damped with bull-dog forceps. It will probably be found 
gr to inject the precavals (^ 243, 245) and their feeders separately : 
It done by making an incision in one of the jugulars (preferably 
n which the pectorals have ah'sady been cut) near its 
end, and injecting forwards. The portal system is best 
i^ from the coccygeo-mesenteric vein (§ 197), the cannula being 
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In the uninjured state the falciform ligament is continued backwards 
attached to the middle ventral line of the abdomen. 

XXIV. Cut through the other side of the sternum in 
the same way: lift up the keel, and gradually 
extend both incisions forwards, using bone-forceps 
when necessary, until the whole of the central part 
of the sternum is removed : cut through each 
coracoid at about its middle and remove its 
ventral portion : also remove the furcula, and 
enough of the lateral regions of the sternum, with 
the sternal ribs, to bring all the viscera into view : 
note, without disturbing anything : 

171. The reddish-brown liver, occupying the middle 
region of the ccelome, and consisting of a large right and a 
small left lobe. 

172. The heart, very large in proportion to the size of 
the animal, lying in the middle line in front of the liver, and 
enclosed in a thin membrane, the pericardium. 

173. The duodenum, a pinkish, U-shaped loop of 
intestine, passing from beneath the edge of the right lobe 
of the liver to the posterior end of the coelome, and 
consisting of a left or proximal and a right or distal limb. 

174. The pancreas, a compact reddish gland, lying 
between the two limbs of the duodenal loop. 

175. One or two loops of the ileum (the chief part 
of the small intestine) are seen towards the right of the 
ccelome. 

176. The gizzard, a hard oval body, on the left 
side of the body, just posterior to and partly concealed by 
the liver. 

177. The distal end of the trachea, curving round the 
left side of the crop to reach the ventral aspect of the 
gullet, and almost immediately dividing into the two 
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bronchi, which pass outwards and backwards to the lungs 
(§i8i). 

178. The cavity in which the posterior end of the trachea 
and the bronchi lie is the interclavicular air-sac (§ 164), 
the ventral wall of which is destroyed by the removal of the 
sternum. 

179. The stemo-tracheal muscles, paired slender 
bands, easily mistaken for arteries, passing from the ventral 
side of the trachea outwards and backwards to the inner 
surface of the sternum. 

180. The epigastric or anterior abdominal vein, a 
small vessel, taking blood from the great omentum, and 
passing forwards in the falciform ligament towards the 
anterior border of the liver (see § 253, p. 240). 

181. The lungs, dark-red, spongy bodies, seen by turn- 
ing aside the heart : they are closely applied to the dorsal 
wall of the anterior part of the coelome. 

182. The kidneys (§ 214) and the reproductive 
organs (§§ 209 — 213), seen by turning aside the intestines 
in the dorsal region of the posterior part of the coelome. 

XXV. Make a median incision through the skin on the 
dorsal surface of the head, and reflect it to right or 
left, so as to expose the skull : beginning a little 
behind the eyes, cut away the thin cranial roof 
with a scalpel or pocket-knife, taking great care 
not to injiure the brain, which is in close contact 
with the bone (consult Fig. 58, p. 255) : proceed 
until the whole of the roof of the skull and the 
arches of the first two or three vertebrae are 
removed : when the whole of the dorsal and 
lateral surfaces of the brain are clear, cut through 
the spinal cord a short distance behind the 
brain : lever up the front of the brain with the 



handle of a small scalpel, and cut through, onel? 
one, the nerves which pass from its lower surfacCiH 
remove the whole organ and place it in stwo 
alcohol or in a saturated solution of zinc chloriil 
for subsequent examination (see g LV., p. 254) I 
XXVI. If time permit, continue backwards the in 
through the skin, and cut away the arches 0: 
the remaining vertebra so as to expose the vfhd 
Spinal cord : in any case, remove the* skin frtl? 
the middle region of the back just between i 
thighs, and cut away the arches of the r 
sacrai vertebrre, so as to expose about an inch m 
the cord in that region : note : 
183. The lumbar enlargement of the cord,andfl 
divergence of its dorsal columns, which enclose a dianioo 
I shaped depression, the sinus rhomboidalis, produced | 

I by the widening of the central canal of the cord, on^ 

I covered only by its investing membrane or pia mater. 

I 1S4. If the whole cord is exposed, the brachial enlargemenl I"" I 

I he seen between the shoulders as well as the very greni proponiw*' 

■ length of the cervical region of the cord. 

^ XVII. Place the subject once more in the supine 

H position {ventral surface uppermost), and make 

H out the following points by merely turning ih* 

I viscera about, and without cutting or teai 

H anything : 

B 185. The relations of the falciform ligament (1 

B in front it becomes attached to the pericardium 1 at it» 

B dorsal edge the two layers of which it is composed diverge, 

B forming two lamina, of which the right passes across the 

B duodenum and becomes attached to the posterior surface of 

B the right lobe of the liver, forming the duodeno- hepatic 

^L omentum, while the left becomes attached to the pen- 
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>neal investment of the gizzard : both layers are continued 
atkwards as the great omentum (§ lOi). 

186, The characters of the liver: its division into a 
arge right and a small left lobe : its free backwardly directed 
fentral border : its anterior surface, hollowed out for the 
reception of the heart ; its posterior surface, hollowed by two 
pooves on the right lobe for the duodenum, and by a deep 
fossa on the left lobe for the gizzard, 

1S7. The gastro-hepatic omentum, a sheet of 
peritoneum connecting the gizzard with the left lobe of 
the liver, 

188. The mesogaster, a sheet of peritoneum connecting 
the giazard with the dorsal body wall. 

■89. The mescntery,agre3tlyfoldedsheet of peritoneum 
supiwrting the coils of the intestine, and connecting them 
»ilh Ihe dorsal body wall. 

190. The posterior portion of the intestine, passing along 
the middle line of the dorsal bod/ wall towards the vent, 
31(1 suspended by a sheet of peritoneum, the meso- 
rectum : about an inch in front of the vent arc two small 
laictjl elevations, the caeca, on the walls of the gut, 
"•Mking the distinction between the small intestine 
in front of them, and the large intestine or rectum 
behind. 

■91. The cloaca, a somewhat dilated chamber, open- 
'"g ejctemally by the vent, and connected in front with 
the rectum : its form and relations are best seen by inflating 
"i'h air from the vent. 

XXVIII, Dissect away the great omentum, turn for- 
ward the lobes of the liver and dissect out the 
following structures ; 
ig2. The right bile duct, a delicate, whitish tube, 
iTDceeding from the posterior surface of the right lobe 
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of tlie liver, near its dorsal margin, and passing backwards, 
in the duodeno-hepalic omentum, to open into the distal 
limb of the duodenum, at about the junction of its middle 
and distal (anterior) thirds. 

193. The left bile duct, a much wider and shorter tube 
than the right ; also arising from the right lobe of the livet, 
and passing backwards to open into the proximal limb of 
the duodenum, about half an inch beyond the pylor 
(see ^ 204, 207). 

194. The portal vein, a large vessel, usually gorged 
with blood, lying in the d node no-hepatic omentum h 
the two bile ducts; it receives blood from the intestines ani 
spleen, and from the right side of the gizzard, and divides 
into two branches, one of which enters each lobe of ihs 
liver. 

The portal vein is formed by die union of three chief veins : iS* 
gaslro- duodenal, recdving blood from the right side of the ginarij ll* 
duodenum, and ihe lust iooji of the small intestine (§5 173-176); "^ 
superior mesBnteric, from the main port of the small iatesli°' 
(jejunum and ileum, §204); and the inferior mesenteric or coccypH" 
mesenteric (g tgj), from the posterior portion of the small h 
the rectum, aud the cloaca. 

195. The three pancreatic ducts : of these one letV 

the right side of the anterior end of the pancreas, u 
passes forwards and to the right, to enter the inteslii* 
a short distance beyond the termination of the 1 
limb of the duodenum ; the other two usually spring ftM 
about the middle of the gland, also from its right bordo 
and pass slightly forwards, more or less parallel with M 
another, to enter the duodenum at about the middle of i 
distal limb. 

196. The left gastric veins, two small vessels cfll 
tained in the gastro-hepatic omentum, and carrying t 
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blood from the left side and anterior edge of the gizzard 
to the left lobe of the liver. 

197. The coccygeo-mesenteric or inferior mesen- 
teric vein (Fig. 54, c,m,v\ a large trunk, running in the 
mesorectum, parallel to the intestine, and receiving veins 
from the cloaca and rectum : it anastomoses at its dorsal 
or posterior end with the renal portal veins (see § 218), 
and at its anterior end joins the portal vein (§ 194). 

XXIX. Tie a double ligature round the portal vein 
(the bile ducts may be included), and cut it 
between the ligatures : if the specimen is injected, 
the vein may be cut without tying : cut through the 
gastro-hepatic omentum, and turn the liver over to 
the right : note : 

198. The proventriculus, a pink, ovoidal body with 
thick glandular walls, lying immediately in front of the 
gizzard (see § 204), and to the dorsal side of the heart and 
liver. 

199. The spleen, a small, ovoidal, red body, attached 
to the right side of the proventriculus by a fold of 
peritoneum, the gastro-splenic omentum. 

200. The coeliac artery, seen emerging from between 
the right lobe of the liver and the proventriculus ; its origin 
from the dorsal aorta is best observed later (§ 228) : it 
supplies the proventriculus, gizzard, liver, and part of the 
intestine^ 

The coeliac divides into two chief trunks: one, the anterior gastric, 
sends small branches forward to the proventriculus, and then proceeds 
to the left side of the gizzard ; the other, the gastro-duodenal, supplies 
the right side of the gizzard, the duodenum, and the last loop of the 
ileum. 

201. The gastric branch of the vagus, a delicate nerve on the 

anterior face of the proventriculus, parallel to its artery, and passing 
backwards to the gizzard. 



202. The splanchnic nerve, running parallel to the gis\ro-d\iaiad 
arter;, and supplying the intestine. 

ao3. The anterior (superior) mesenteric arteiyi 
about a quarter of an inch posterior to the creliac, ani 
supplying the greater part of the intestine : to bring it 
view the duodenum must be pulled outwards by disse 
away part of its peritoneal investment. 

XXX, Tie a double ligature round the intestine a litlh 
anterior to the asca, including in the 
coccygeo-mesenteric vein ; cut through the pto- 
ventriculus as far forwards as possible wiiho'tf 
injury to the heart, &c. : remove the alimenlM 
canal between these two points by cutting 
mesentery, noting a fibrous membrane (the obliqo' 
septum) connected with the dorsal : 
face of the pericardium in front, and exlemfi 
across the ccelome like the roof of a tent : it 
attached to the margins of the sternum ii 
and to the body walls behind, in such a 
as to separate a sub- pulmonary chamh 
containing the air-sacs, from the general t 
cavity. Then observe : 
204. The arrangement of the different parts of ' 
alimentary canal : the proven trie ulus enters the gizzard 
its anterior edge : the duodenum leaves it at the anterior! 
of its right side : following the duodenum is a dist' 
single loop of small intestine, the jejunutn, and a 
this a coil, consisting of the greater part of the ilei 
bound together by a single fold of mesentery : next e 
the distal portion of the ileum, consisting of a single lo 
of less calibre than the remainder, and usually of a greenisli 
colour; leaving the distal limb of this loop, the ileum widens 
again, and passes without increase of diameter into the icctom. 
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. The strong, hard walls of the gizzard : the bliiisli 
Udons, occupying the central portion of its convex right 
I left sides, and the muscular fibres radiating from the 
mference of each tendon to the edge of the orgaa 

XI. Unravel the intestine by cutting or tearing 
through the mesentery, and measure its length as 
compared with that of the ccelorae : then cut 
open the proven triculus and gizzard, thu latter by 
a vertical incision midway between its two convex 
faces ; also cut open portions of the intestine, and 
observe : 

206, Tlie thick glandular walls of the proven triculus, 

presenting on their inner surface the well-marked apertures 

of the gastric glands. 

H 207. The very thick muscular wails of the gizzard, and 

Bh lining of thick, horny, yellow or green epithelium ; 

Boe small stones with which its cavity is largely filled : the 

^lace of entrance of the proven triculus, a wide aperture at 

its anterior end, and the pylorus, or place of eut of the 

intestine, a crescentic aperture to the right of the former 

opening. 

2o8, The villi, minute filamentous processes of the 
mucous membrane of the small intestine : seen to advantage 
only by examining under water, after well cleaning; in 
the duodenum and proximal portion of the ileum they 
are comparatively long and closely set, but in the distal 
portion of the ileum they become shorter and sparser, and 
towards the end of that division of the intestine pass into 
longitudinal ridges. 

XXXII, Dissect away the peritoneum and the re- 
mains of the posterior air-sacs from the kidneys 
and reproductive organs, taking care not to 
ure the postcaval vein (§ 215), and," in the 



female, the anterior end of the oviduct {§ in) 
make out : 
In the male. 
Z09. The testes. (Fig, 52, ft), two white, ovoid al bodit^ 
about three-quarters of an inch long in the adult, hut 




Fig. 5z. — Columba livia. The 

male, ventral aspect { * J), 



ital oi^ns of Ui M 

separated from the liidncf I 

r, comparfmentoTctoji 
. . ng of ureter into dm 
a cloaca : v. !, vesiculi scaisi 



much smaller in young specimens ; they are situated 
to one another, at about the level of the anterior bordef 
the thighs. 

zio. The vas deferens {vj), a delicate, white 
convoluted in the adult, but straight in tlie young, a 
from the inner face of each testis, and passing di 
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backwards to the cloaca {cl)y where it ends' iii a dilatation, 
the vesicula seminalis {v.s) (see § 231, p. 236). . 
In the female, 

211. The ovary (Fig. S3r ov)y a single mass of irregular 
form, situated at about the same level as the testes (§ 209), 
but somewhat to the left side ; it is made up of a number 
of globular bodies or capsules, each containing an 
ovarian egg, which, in the adult, vary from the size of 
a cherry downwards, while in the young bird none may be 
larger than a pin's head. The single ovary represents that 
of the left side : a rudiment of the right ovary is sometimes 
present. 

212. The (left) oviduct (/.^^, a convoluted tube, with 
stout walls, about a third of an inch in diameter in the 
adult, and lying to the left side of the pelvic cavity : 
posteriorly it enters the left side of the cloaca (see § 232), 
anteriorly it dilates into a large funnel-shaped termination 
{l,oi'\ with delicate membranous walls, and having an 
antero-posterior diameter of about an inch, which puts the 
cavity of the oviduct in communication with the coelome 
{Lod'"). As some difficulty will probably be experienced 
in distinguishing between the funnel-like extremity of the 
oviduct and the peritoneum which supports it, the dissection 
should be performed under water. 

213. The rudiment of the right oviduct (r.od), sl 
small blind tube, usually about half an inch long, but 
varying in size in different individuals, attached to the right 
side of the cloaca. 

In both sexes, 

214. The kidneys (Figs. 52 and S3> '^X dark red bodies, 
situated immediately posterior to the lungs, and in close 
contact with the dorsal body wall : each consists of three 
well marked lobes — an anterior, a middle, and a posterior — 



H which are embedded in cavities furnished by the pelvis jaJ 

■ sacrum. 

I 215. The postcaval vein (vena cava inferior 

I posterior,) (Fig. 54,pic), a large vessel passing from betwM 

I the anterior ends of the kidneys to the posterior 

■ region of the right lobe of the liver : it enters the subslMCt 
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Fig. 53. — Columba livia. 
female, ventral aspect (x |). 

The peritoneum is removed, but the parts 
Icfl oviduct 13 partly uncoiled. 

cl.2, middle, and c/.j, posterior, compartment of cloaca : 
l.oii, left oviduct : l.oti', its apening into cloaca : /.nif', its 
anterior end ; J.o^", its openine into cielome : ot, ovary; 
mentary right oviduct ; r.iitf, its opening into cloaca : ur, t 
its opening into cloaca. 

of that gland, and, emerging from its anterior border, passes 
forwards to the heart (§ 246) : it is fotmed posteriorly by ihe 
union of the two iliac veins (§ 218), which carry the 
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returning blood from the kidneys and reproductive organs, 
as well as from the hind limbs. 

216. The ureter (Figs. 52 and 53, ur)^ a delicate, mem- 
branous tube, arising from the ventral face of each kidney, 
between its anterior and middle lobes, and passing back- 
wards to the cloaca (see § 230, p. 235), in the male parallel 
and internal to the corresponding vas deferens, in the 
female dorsal to the oviduct. In dissecting out the ureter 
be careful not to injure the renal (§ 220) or the hypogastric 
(§ 218) vein. 

217. The adrenals or supra-renal bodies (Fig. 52, 
adr\ irregular yellowish organs near the anterior end of the 
kidneys, and closely connected with the iliac veins. 

XXXIII. Dissect away, with great care, the testes or 
the ovary from the kidneys, also dissect out the 
vasa deferentia or the oviduct, taking care not to 
injure the renal vein (§ 220) : turn the reproductive 
organs and ;^the rectum backwards so as to expose 
more completely the kidneys and the roof of the 
pelvic cavity : then dissect out 

218. The renal portal or hypogastric veins (Fig. 
54, r./), paired vessels, uniting with one another in the 
middle line immediately behind the kidneys, and from the 
point of union sending oflf a trunk which, uniting with the 
veins from the cloaca and rectum, forms the coccygeo- 
mesenteric vein (c.m.v) : at its anterior end each renal 
portal vein penetrates the posterior lobe of the kidney. 
A small median caudal vein (c) bringing blood from the 
the uropygium pours its blood into the point of union of 
the renal portals, each of which also receives, just as it 
enters the kidney, a larger internal iliac vein (/*.//) from 
the roof of the pelvis. 
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The arteries are distinguished by transverse, the veins by longitudinal 
shading : only the anterior and posterior portions of the vessels of the 
neck (carotids and jugulars) are shown : the kidneys are represented in 
outline, the right (left of figure) being supposed to be partly dissected 
away to show the vessels traversing it : the apex of the heart and the 
coccygeo-mesenteric vein {c,m»v) are displaced to the left. 

a,ao, arch of the aorta: a.m.a^ anterior mesenteric artery: a,r,Vy 
afferent renal veins : a.r,7/f vein bringing blood from pelvis into renal 
portal system : br,a, brachial artery : br,v, brachial vein : c^ caudal 
artery and vein : c,c. common carotid artery : c.m.v, coccygeo-mesen- 
teric vein : ca.a, coeliac artery : d^ao, dorsal aorta : e,c, external carotid 
artery : epg, epigastric vein : cr.v, eflferent renal veins : f.a, femoral 
artery if,v, femoral vein : h,Vf hepatic vein : /.r, internal carotid artery : 
i.il, internal iliac artery and vein: i.m, internal mammary artery and 
vein : zw.tz, innominate artery : uv^ iliac vein : ju, jugular vein : /«', 
anastomosis of jugular veins : /.^z«, left auricle : l.p.a, left pulmonary 
artery : l.prc^ left precaval vein : /.z'», left ventricle : pc^ left pectonu 
arteries and veins ipc,a, right pectoral artery : pc.v, right pectoral vein : 
p,m,a^ posterior mesenteric artery ://f, postcaval vein : r.a.i, anterior, 
r.^z.2, middle, and r.a.3, posterior, renal artery : r.aw, right auricle : 
r./, renal portal vein : r./.a, right pulmonary artery : r,prc^ right pre- 
caval vein ; r,v^ renal vein : r.z/», right ventricle : sca^ sciatic artery : 
scvy sciatic vein : scLa^ subclavian artery : z/r, vertebral artery and 
vein. 

219. The femoral vein (/z/), a large trunk returning 

the greater part of the blood from the leg,* and passing 

between the anterior and middle lobes of the kidney to join 

the iliac vein. 

Just after entering the body cavity from the leg, the femoral receives 
a small vein, which runs along the ventral edge of the pubis, and collects 
the blood from the side wall of the pelvis. 

220. The principal renal vein (r.7/), a large longitudinal 
vessel on the ventral surface of the kidney, entering the 
iliac vein at its junction with the femoral. 

ITie renal vein receives several efferent renal veins {e,r,v) from the 
middle and posterior lobe of the kidney : the blood from the anterior 
lobe is poured by a separate efferent vein directly into the iliac. 

^ If the muscles are to be dissected in the same specimen, it will 
be advisable to defer tracing the blood-vessels into the leg for the 
present, and to follow them at a later stage (see §§ 328 — ^337, pp. 252- 
254), pari passu with the dissection of the muscles of the thigh. 
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221. The dorsal aorta {d.(w), a small artery lying in ihe 
middle line between the kidneys. 

XXXIV. CarefuUydissect awayone of the kidneys, bit 
by bit, taking care not to injure the veins in 
connection with it : make out : 

222. The renal portal vein {r.p\ passing through the substance of the 
kidney to join the femoral just externai to the pnint where the latter 
unites wilh the renal vein : diiring its course through the kidney, the 
renal portal gives off several small afferent renal veins {a.r.v) to the 
middle and poslerioc lolws, the anterior lohe being supplied by sitailnr 
vessels springing from the anterior face of the femoral vein : the renal 
pQctal is joined near the hinder boundary of the kidney by one or two 
small veins from the sacral region (a.r.z/). 

223. The femoral artery (f.a), given off from ihe 
aorta between the anterior ends of the kidneys, and passing 
almost directly outwards to supply the anterior region of 
the thigh : it leaves the body cavity ventral to the pelvis, 
and is accompanied by the femoral nerve {§ 293). 

As the femoral artery leaves the body cavity, it sends 
off a small vessel which passes along the ventral border of 
the pubis, accompanying the vein already seen (§ 319), and 
a branch of the obturator nerve {§ 293). 

224. The sciatic artery {sea), given off from ik 
aorta at about the junction of the anterior and middli: 
lobes of the kidney; it passes outwards and backwards 
through the substance of the kidney, emerges from thil 
organ at the junction between its middle and posterior , 
lobes, leaves the body cavity through the ilio-sciatic foramen 
(§ 104) to reach the thigh, and then passes slightly fonrafds 
as well as outwards so as to assume a course parallel to llie 
femoral vein. It is accompanied by the great sciaW^ 
nerve (g 294). 

225. The sciatic vein {sc.v), bringing blood from *i^* 
posterior part of the leg; it nms parallel to the proxi*^^^^ 
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lortion of the sciatic arlery, and debouclies into the renal 
Wrtai V 
zz6. The posterior (or inferior) mesenteric artery 
.a), springing from the dorsal aorta at about the Icve! 
F the posterior border of the kidneys, and going to supply 
the rectum and cloaca : beyond its origin the aorta becomes 
the caudal artery (c), which passes backward parallel and 
ventral to the caudal vein, and from the same point the 

t internal iliac arteries (/.//), are given off, which 
accompany the corresponding veins (§ 218), 
Z27. ITie renal arteries, of which tiere are three to each kidney ; 
an anierior{r,a.l), ipringing from the dorsal aorla just anterior to the 
origin of the femoral artery, and supplying the anterior lobe ; b middle 
(r.n.a), arising from the seiitic artery near the point where it enters the 
kidney and passing forwards to the middle lobe ; and a posterior (r.ii. 3), 
jug from the sciatic a little external to the lost, and passing backwards 
IP the posterior lobe, 

:33. The origin of the ccellac {cce..a) and anterior 
Mesenteric arteries {a.m.a) (§§ 200, 203), from the 
1 aorta. 

XXXV. Remove the ventral wall of the cloaca, and 
note : 

229. Its division into three compartments {Figs. 52, 53, 
and 55), separated from one another by incomplete parti- 
tions; the anterior chamber (f/.i) is almost globular when 
distended, and receives the rectum ; the middle chamber 
(it/.s) is small, separated from the first by an annular fold 
B of the cloacal wall, and receives the m^inary and genital 
^L ducts (55 330—^232): the posterior chamber (J.3) is 
^■separated from the middle by a low annular ridge, contains 
B*3e aperture of the bursa Fabricii (5 233), and opens 
rerternally by the vent. 

*3o. The small round apertures of the ureters {ur) 
I -^ th.^ dorsal wall of the middle chamber. 
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231. In the male the genital papillee (Fig, 53, v.d^ 
conical elevations just external to the urinary apertures : on 
their apices are the apertures of the vasa deferentia. 

233. In the female the aperture of the left oviduct 

(F'K- 53i ^■oii'), a considerable opening just external to that 
of the left ureter : the rudimentary right oviduct has a _ 




Fig. S5. — Columba livia. The cloaca of a young Tcmale. A, opened' 
froin the ventral aspect ; B, iu lon^tudinal section (lULt. 5i7e). 

i./, bursa Fabricii ; i-j", its opening into posterior chamber of cloaca; 
c[.l, pterior, rf.3, middle, and c/.j, posterior, chamber of cloaca ; erf, 
opeaiiig of oviducts mto middle chamber of cloaca 1 r, i 
opening of ureters into middle chamber of cloaca. 



small opening (r.aif) similarly situated on the right 

in the young bird the two apertures are of equal size' 

(Fig. 55, od). 

233. The aperture of the bursa Fabricii (Fig. 55, i.f), 
GTCscentic opening in the middle of the dorsal wall of the posterior 
chamber : by drawing the cloaca backwards, and gradually dissecting it 
away horn its attachments, the bursa is seen as an ovoid, somewhat 
flattened sac {k/), with glandular walls, sihiated between 
wall of the clijaca and the roof of the pelvic cavity : it 
vcloped in yonng bdividuals, when it may attain a length of a qua 
to three-quarters of on inch ; in the adnlt it is nsnally absent. 



I 
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XXXVI. Dissect oflf the pericardium : carefully clear 
away the connective tissue and fat from the vessels 
connected with the base of the heart, and trace 
them out as far as is necessary to verify the 
following descriptions : make out : 

234. The separation of the heart into an anterior, dark, 
thin-walled auricular division, and a posterior, lighter 
coloured, thick-walled ventricular division of a conical 
shape : the two divisions are separated by a line of fat, 
which should be carefully removed. 

235. The left ventricle (Fig. 54,^ Lvn\ forming the 
apex of the heart as well as the left convex side of the 
ventricular division : it is very firm and hard to the touch. 

236. The right ventricle {rjvn\ much softer to the 
touch than the left, and forming the right concave side of 
the ventricular division. 

237. The right auricle (r.^w), forming the right half of the 
auricular division, and usually gorged with blood after death. 

238. The left auricle (l,au)^ usually in a more collapsed 
state than the right. 

239. The innominate arteries (/«.«), two large trunks 
apparently proceeding from the centre of the base of the 
heart, and diverging from one another like the limbs of a V : 
each passes forwards and outwards, and divides into two 
arteries, the common carotid (c,c)j which proceeds almost 
directly forwards, and the subclavian {scLa), which con- 
tinues the direction of the innominate, and almost immediately 
divides into two ; of these the brachial or axillary artery 
{br,a) passes forwards and outwards, and curving round 
at the shoulder enters the wing, which it supplies,^ while 

^ If the muscles are to be dissected in the same specimen, defer tracing 
the blood-vessels of the wing until its muscles are examined (see 
§§ 320—327). 



the pectoral artery {pe.a) conrinues the direction oft! 
innominaCe and subclavian, which it nearly equals in caltbi 
and supplies the pectoral muscles, 

240. The internal mammaty artery (i.n;.), a small vessel giTen 
li-oiu Ihe pa>>lerior surface of tbe subclavian : it passes backwards a.Ia] 
the inner surfacuof the ribs.auii gives off transverse intercoBlalarterii 
to the intfircastal spaces. 

341. The arch of the aorta {a.ao), situated tnimediatelj 
external to the right innominate artery, of which it has tl 
appearance of being a branch : the aorta is, however, tl 
principal artery arising {see § 374) from the left ventricle, 
and the innominates are branches givea off immediately, 
after its origin, and, owing to the immense size of th« 
pectoral muscles which they supply, exceeding the re-j 
mainder of the main trunk in calibre : the aorta is seei 
to pass forwards and slightly outwards or to the right 
its further course will be seen at a later stage (g 257). 

342. The pulmonary artery situated just external to 
the left innominate, and springing from the ventral side of 
the base of the heart (see § 269) ; almost iramediately after 
its origin it divides into two trunks, the left of which {l.p.a) 
passes forwards and outwards, parallel to the left innominate, 
while the other {r.p.a) turns to the right and passes to thft 
dorsal side of the innominates. 

243. The right prccaval veins (vena cava superior j. 
anterior dextra,) {r.prc), a large vessel situated dorsal and 
externa! to the right innominate artery : it is formed fay the 
union of three veins, the jugular {Ju) (§ 249) from the 
neck, the brachial {br.v) from the wing, and the pectoral 
{pc.i') from the pectoral muscles : posteriorly it enters tl 
right auricle at its anterior end. 

244. The internal mammary vein {i.m), tnltine 1 paraJiel 
the artery of the same name (g 240), and entering the pectoral ' 
junction with the jugular and subclavian. 



I 
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r24S. "^^^ ^^f* precaval vein (vena cava superior s. 
interior sinistra), (.l-prc), similarly related to the left innomi- 
|ate artery, and receiving veins symmetrical with those of 
i fellow ; it passes backwards to the dorsal side of the 
ieart, where its further course will be seen subsequently 
■t§ ^54). 

246. The postcaval vein {pti) bas already been seen 
(§ 215): after emerging from the liver it passes directly 
^—forwards and enters the right auricle on the right side of 
H^ dorsal wall. 

^P 247. The course of the common carotid arteries 

^■(^■f), made out by removing the crop and dissecting away 

the ventral muscles of the neck ; each passes forwards and 

inwards towards the middle line of the neck, and runs 

parallel and close to its fellow along the ventral aspect of 

the cervical vertebras : about an inch behind the head, the 

arteries diverge again, and each, passing forwards and 

slightly outwards, divides into an external carotid {e.e), 

supplying the head generally, and an internal carotid 

(J.c), supplying the brain. 

^^ 248. The vertebral artery {vr), arising from the common 

^Karotid in the root of the neck : it passes to the lateral aspect 

^Bf the neck, and, dipping between the muscles, enters the 

^fcertebrarterial canal, and passes forwards to supply the 

brain and spinal cord. 

249. The course of the jugular veins (/«): they are 
united with one another by a transverse commissure [Ju") on 
the under surface of the skull just behind the velum palati 
(§ 2()9);^this is best seen by dissecting away the anterior 
part of the gullet from the neck muscles and turning it as 
far forwards as it will go. 

The commissural branch receives veins from the palate, and the 
jugulars themselves baai various parts of the head i further back each 
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jugnlar receives veins from the crop, the sides of the nect, tai3 ibc 
lymphatic glands (| 251), and at the level of the posterior end of the 
latter, the vertebral vein {vr') cuters 11. 

250. The cervical portion of the vagus, a stout nerve 
accompanying the jugular, 

251. The cervical lymphatic glands, paired, reddish, 
ovoidal bodies, situated one on each aide of the root of the 
neck : each receives ati artery from the common carotid, and 
contributes a vein to the jugular. 

XXXVII. Carefully dissect away the liver snbstance from that part 
of the postcaval which is embedded in il, and make out : 

252. The right nod left hepatic veins (A.r), of which Ihe latter it 
the larger, entering the postcaval just before its exit from the liver, 

253. The epigastric vein {tfig) (§ iSo}, entering the left hepatic vein 
near its juuctioa witb the poslcavaL 

XXXVIII. Ligature the postcaval between the liver 
and the heart, and cut it through to the distal side 
of the ligature : turn the apex of the heart forwards 
and make out : 

254. The left precaval (Fig. ^6,Lprc) curving round ihe 
dorsal side of the left auricle to reach the right auricle. 

255. The pulmonary veins {p.v), entering the left 
auricle in the U-shaped space between the two precai'als: 
sometimes there is a single trunk from each lung, sometimes 
there are two from each, uniting before they enter the 
auricle. 

256. The course of the right and left pulmonary 
arteries {r.f.a, l.p.d) (§ 242) to the lungs. 

257. The arch of the aorta {a.ao) (§ 241), curving 
over the right bronchus to reach the middle dorsal line, 
when it becomes the dorsal aorta {§ 221, Fig. 54, d.ao\ 

XXXIX. Cut through the precavals, the pulmonaij 
arteries and veins, and the aorta, and remove the 
heart from the body : place it in a dissecting dish 
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^F under water, and note carefully the relations of 

^K the great vesseis already seen, especially those of 

H the pulmonary veins : then remove the outer walls 

^K of both auricles, wash out the contained blood, 

H And make out : 

^ 258. The septum auricularucn, a thin muscular parti- 
tion separating the auricles from one another. 




Fig. 56. — Columba livia. The heart, viewed from the dorsal 
Mpeel (nat. size). 

a.ai), arch of aorta: ir.a, hrachial artery: ir.:/, brachial vein : c.c, 
common carotid ; j'u, ju^ar ; l.au, left aaricle ; l.p.a, left pulmonary 
irlery : l.frc, left prccaval ; i.vn, left ventricle : r.(xa, right auricle ; 
'.an', its smooth- walled dorsal portion receiving tbe pre- and post- 
larals: f.p.a, right pulmonary artery: r.prc, right precaval : r.vii, 
right ventricle. 

359. The entrance of the right precaval, in the anterior 
wall of the right auricle. 

260. A tunnel-lifce passage in the dorsal region of the 
same rhamber, leading into the left precaval. 
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261. The aperture of the postcaval, in the postero- 
external wall of the right auricle, and guarded by a valvular 
fold of muscle, the Eustachian valve. 

262. The fossa ovalis, a thin place in the septum 
auricularum, marking the position of the embryonic foramen 
ovale by which the two auricles were placed in communica- 
tion with one another : it is best seen by holding the septum 
auricularum up to the light. 

263. A deep depression in the dorsal wall of the left 
auricle, into which the pulmonary veins open. 

XL Cut away both auricles, and all but the origins of 
the aorta and pulmonary artery, and, looking at 
the base of the ventricles, note : 

264. The rounded left auriculo-ventricular aperture, 
guarded by the two membranous flaps of the mitral valve. 
This and the other valves are best seen by filling the 
ventricles with water and then squeezing them ; at every 
squeeze the auriculo-ventricular valves close, when the 
pressure is removed they open, and if a sufficient length of 
the aorta and pulmonary artery is left, the semilunar valves 
close. 

265. The crescentic right auriculo-ventricular aper- 
ture, guarded on its outer or convex side by the large, 
fleshy, right auriculo-ventricular valve (§ 268). 

266. The rounded apertures of the aorta and pulmonary 
artery, each guarded by three membranous semilunar 
valves (§ 269). 

XLI. Open the right ventricle by a V-shaped incision, 
introducing the scissors into the cut end of the 
pulmonary artery, cutting obliquely backwards to 
the apex of the ventricle, and then turning sharply 
round and passing obliquely forwards, nearly to 
the anterior border of the ventricle : note : 
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267. The convex right face of the septum ventri- 
culonim^ or partition between the ventricles, projecting so 
much into the cavity of the right ventricle as to make it 
creseentic in section. 

268. The right auriculo-ventricular valve, a large 
flap of muscle, attached partly to the outer edge of the 
auriculo-ventricular aperture, partly to the outer wall of the 
ventricle, and depending into the cavity of the latter. 

269. The origin of the pulmonary artery from the left side 
of the anterior end of the ventricle : at the base of the artery 
the three pocket-shaped pulmonary semilunar valves. 
, 270. The columnae carneae, fleshy ridges into which 
the wall of the ventricle is raised. 

XLII. Remove the outer wall of the left ventricle, and 
note : 

271. The great thickness of its wall in comparison with 
that of the right ventricle. 

272. The concave left side of the septum ventriculorum. 

273. The two membranous flaps of the mitral valve, 
connected by delicate tendons, thq chordae tendineae, 
with small conical elevations of the ventricular wall, the 
musculi papillares. 

274. The aperture of the aorta, guarded by three pocket- 
shaped aortic semilunar valves. 

XLIIL Note in the body-cavity, now the heart is 
removed : 

275. The backward continuation of the gullet, dorsal to 
the trachea, to join the proventriculus. 

276. The remains of the intermediate (§§ 160, 169) and posterior 
(§. 159) air-sacs, the ventral walls of which will have been removed ; 
they are best seen under water : the anterior-intermediate air-sac 
covers the greater part of the ventral surface of the lung, the posterior- 
intermediate lies immediately posterior to the lung : in the antero- 
dorsal region of the posterior-intermediate and posterior sacs are seen 

R 2 
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apertures by whicli they res])ectively comiminicale with the lung ; lie I 
correspond ins apertureof ilhe anterior intermediate is in ii 
internal comer. The apertures of the other air-sacs are modi mote 
diffcult to see : that of the sub-bronchial (g 164) lies in it5 
wall just dorsal to tie entrance of the bronchus into the long : tie 
prebronchial extends backwards to the anterior end of the lung and 
there opens (see § 286), 

277. The costo-pulmonary muscles, small bo- 
shaped sheets of muscle, arising from the junctions of the 
sternal and vertebral ribs, and passing into an aponeurosis 
which covers the ventral surface of the lungs, between the 
dorsal walls of the air-sacs and the pleura. 

278. The pulmonary pleura, a delicate raembianei 
continuous with the peritoneum and immediately investi 
the ventral surface of the lungs 1 to see it thi 
pulmonary muscles and their aponeurosis must be retnored. 

XLIV. Cut through the trachea about an inch anterior] 
to its bifurcation : dissect away the lungs from 
dorsal body wall and remove them from the body 
with the bronchi and posterior end of the 
tracliea r note ; 

279. The transverse depressions on the dorsal surface o* 
the indistensible lungs, corresponding to the ribs, and th' 
intervening elevations which fit into the intercostal spaces, 

280. The dilatation of the posterior end of the tracht^ 
into the syrinx (Fig. 57, sy), or "lower larynx." 

281. The intrinsic syringeal muscles, paired nirrow*' 
bands arising from the sides of the trachea about an inchi** 
front of its bifurcation, and passing backwards to be inserte*^ 
into the sides of the syrinx. 

282. The complete tracheal rings, their ventral halve* 
bony, their dorsal halves cartilaginous. 

283. The bronchial half-rings, along the outer side of 
each bronchus; the first is bony, the rest are cartilaginous! 
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the inner face of each bronchus is flat and membranoufi, and 
constitutes the membrana tympaniformis interna. 




_, — Columba lEvia. The lung.-^, filled from the trachea «ilh 
"solid injection and viewed from the venlral aspect (nat. siie). 

In the left lung the bronchus (*r, ir'f is traced to its tenuinatioo by 
'I'ssecting away the overlying substance of the lung. 

*r, principal bronchus ; ir", ir", br'", secoudary bronchi : p.a. 
Pulmonary artery : /.I', pulmonary vein : /y, syrinx: fr, trachea: ip.b, 
aperture for prebronchial air-sac: sb.h, ifor sub-bronchial: a.in, for 
^terior- intermediate : f.in, for posterior-intermediale : /, for posterior 



(abdon 



lal). 



^84. The modification of the tracheal rings in the syrinit : the two 

P**Rterior rings are more widely separated from each other than the rest, 

^^^d thai bony ventral portions send median processes towards one 

'^'other, which are only separaled by a small carlilagiuous interval ; on 

■"t dorsal side these rings ace incomplete, but are united with one 

"Mother on each side of the middle line by a longitudinal canikginous 

"^^ : the bony first pair of bronchial half -rings are in contact with one 

''iWher dorsally and ventrally, and, with the distal tracheal rings just 

'escribed, inclose a chamber, the tympanum. 

SS5, If the air-sacs, and consequently the Iung5, are injected, the 
■Mondary bronchi (fe', ir", bT) will be seen branching out over the 
Mlcrior and internal regions of the ventral surface of the lungs : they 
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have thin membranous walls, and in uninjected specimens are not 
readily recognised. 

286. The apertures in the lung which communicate with the air-sacs, 
also seen readily only in injected specimens : the aperture of the 
posterior sac (j>) is at the postero-extemal angle of the lung : that of the 
posterior-intermediate {p.in) just anterior and external to the last : that 
of the anterior- intermediate {a.in) at the end of a prominent secondary 
bronchus on the ventral surface, just posterior to the entrance of the 
principal bronchus: that of the sub-bronchial {sb.b) is also on the 
ventral surface, just anterior to the entrance of the chief bronchus : and 
that of the prebronchial {sp.b) at the anterior end of the lung. 

287. By tracing the principal bronchus through the lung (if un- 
injected, this can be done by passing in a probe and cutting down upon 
it), it is seen to pass backwards and outwards to the postero-extemal 
corner of the lung, and then to divide into two short tubes, the 
anterior and external of which is connected with the posterior-inter- 
mediate air-sac {p.in), the posterior with the posterior sac {ab) : the tubes 
which communicate with the other air-sacs are given oflf from a dilata- 
tion of the principal bronchus, termed the vestibule, just after it 
enters the lung. Soon after entering the lung the bronchus loses its 
cartilaginous half-rings. 

288. Both from the principal bronchus and the secondary bronchi, 
tertiary bronchi are given off in a pinnate manner : these in their 
turn give rise to tubes of the fourth order, and so on, 

XLV. Sever the bronchi at their entrance into the 
lungs, and open the syrinx, under water, by the 
removal of its ventral wall : note : 

289. The cushion-like lateral thickenings of the walls of 
the tympanum, projecting into and narrowing its cavity : the 
mucous membrane covering them is thicker than elsewhere. 

290. The membrana semilunaris, a delicate, in- 
conspicuous, vertical fold of mucous membrane, projecting 
forwards from the posterior wall of the tympanum at the 
point of bifurcation of the trachea : it is supported by a 
delicate bar of cartilage — the pessulus — which extends 
vertically between the adjacent dorsal and ventral extremities 
of the first pair of bronchial half-rings. 



THE PIGEON. 247 

XLVI. Dissect away the remains of all the organs still 
left in the body cavity, and make out on its 
dorsal wall : 

291. The thoracic spinal nerves, emerging from the 
intervertebral foramina of the thoracic vertebrae, and passing 
transversely outwards parallel to and equidistant from the 
ribs. 

292. The brachial plexus, a network of nerves at 
the root of the neck, formed by the union of the posterior 
cervical and anterior thoracic spinal nerves : from it are 
given off the nerves to the shoulder and wings. 

293. The lumbar plexus, formed by the nerves which 
emerge through the intervertebral foramina of the lumbar 
vertebrae : it gives off the femoral nerve to the front of 
the thigh, and the small obturator nerve which traverses 
the obturator fissure (§105) and goes to the muscles about 
the acetabulum. 

294. The sciatic plexus, formed by nerves emerging 
from the intervertebral foramina of the sacral vertebrae: 
it goes mainly to form the great sciatic nerve which 
accompanies the sciatic artery (§ 224). 

295. The sympathetic nerves, delicate, paired, longi- 
tudinal cords, running close alongside the vertebral column, 
and having at intervals ganglia, which are connected with 
the spinal nerves just at their exit from the intervertebral 
foramina. 

Posteriorly the two sympathetics unite in a single small ganglion 
impar : anterioriy each forms a large posterior cervical ganglion 
lying ventral to the brachial plexus, and thence passes along the verte- 
brarterial canal, alongside the vertebral artery, to the head. 

XLVII. Dissect away the skin from the dorsal surface 
of the uropygium, and note : 

296. The uropygial gland, a whitish, bilobed organ, 
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about a quarter of an inch long, with its backwardly directe 
apex passing into a duct which opens in a distinct medial 
papilla. 

XLVIII. Cut through one side of the lower jM 

near its articulation, open the mouth widely, ai 

observe : 

297. The palate, or roof of the mouth, marked by; 
median longitudinal slit, bounded by two fimbriated fold 
of mucous membrane, between which are the postcrio 
nares. 

298. At the posterior end of the palatal folds is t 
single median aperture of the Eustachian tube% 
which communicates, right and left, with the tympanifl 
cavities (§ 318). 

299. The velum palati, a bilobed flap of mucoB^ 
membrane, with fimbriated edges, forming the posteriof 
termination of the palate, 

300. The tongue, pointed in front, bifid and fimbriaW 
behind. 

301. The glottis, an oval aperture just behind the«Mt 
of the tongue, leading into the trachea ; its margins «< 
slightly fimbriated, and immediately behind it is a bilolxdi 
fimbriated fold of mucous membrane. 

302. The wide pharynx, leading into the gullet, 

303. By dissecting away the mucous membrane 
glottis, the larynx is found, a cartilaginous apparatus foiW' 
ing the anterior end of th« trachea. 

The larynx consists of the following parts : — (o) the thyroW, 
partly ossified cartilaginous pUte, bent upon itself in the form of' 
dorsally incomplete ring, wide and scoop-shaped ventnUly, naltO 
dorsally ; (3) the cricoid, a small longitudinal rod of cartilaj^, inW 
posed between the dorsal ends of the thyroid r (c) the atyteOoU 
paired, somewliat triangnlar cartilages, ossified at their proximal ew 
where they articulate with facets on the anterior end of the cricOi 



THE riGEON. 249 

[hey form the actual supports of the glottis. The two anterior rings 
of the trachea are incomplete dorsally, and the tint has its dorsal 
' extremities fused with the thyroid. 

»XLIX. Cut away the outer wall of one of the nasal 
cavities, first passing a probe from the anterior to 
the posterior nares ; note : 

304. The elevation caused by the turbinal {§ 72), covered 
by the delicate Schneiderian membrane, 

305, The relations of the anterior and posterior nares 
to the nasal cavity. 

L. Remove the dorsal wall of the orbit : observe 
^H the four straight and two oblique muscles, which 

^^K have the same relations as in the lower vertebrata 

^^B (see pp. 77, 78, ^igi — 203); remove the eye with 

^^K the nictitating membrane by cutting through its 

^^P muscles and the optic nerve : observe : 

^^P 306. The lacrymal gland, a. whitish irregular body in 
^^wie postero-dorsal region of the orbit. 

307. The Hartlerian gland, a small pinkish body in 
the anterior region of the orbit. 

308. The form of the eye : its inner half has the usual 
liemispherical figure, but its outer half is somewhat obtusely 
Conical. 

309. The entrance of the optic nerve, in the centre of 
the inner hemisphere, 

310. The bursalis, a somewhat quadrate shoot of 
*Ouscle, arising from the dorsal region of the imier hemi- 
sphere by a convex edge, and passing downwards to end in 
1 concave edge just over the optic nerve; the lower edge 

I forais a tubular tendinous sheath. 

^ 311. The pyramidalis, a triangular muscle, arising 

I from the a ntero- ventral region of the inner hemisphere ; it 

fc tasaes upwards and backwards, and, jua in 6ont of the 
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optic nerve, ends in a tendon which passes through the 
sheath of the bursalis, tlien proceeds downwards and back- 
wards, curves round the postero-ventral margin of the ey 
ball, and finally passes forwards to be inserted into the ed^£^* 
of the nictitating membrane. 

312. The sclerotic, cornea, iris, and pupil havetl-':^^* 
same relations asinotherVertebrata (see p. 84, §§ a a 4, ai^i^)' 

313. The sclerotic plates, small flat bones, amng^^^d 
in an imbricating manner round the sclerotic just extern=^=''' 
to its junction with the cornea. 

LI. Divide the eye, by an equatorial incision, in^C3> 
inner and outer hemispheres : note : 

314. The pecten, a black plaited structure, in th^ ' 
antero-ventral region of the inner hemisphere, having -^ 
curved free edge, and an attached edge which extends &oernW 
the entrance of the optic nerve downwards and forwards- 
parallel to the course of the pyramidalis {§ 311) : it consisC;* 
of a fold of the choroid, projecting through a fissure in tk^ 
retina. It should be removed and examined under a lo**' 
power of the microscope. 

315. The choroid, retina, lens, and aqueous ao«i 
vitreous humours have the same relations as in tl»^ 
other Vertebrata (see pp. 84, 85, §§ 224^228). 

316. In the outer hemisphere, the choroid processes* 
radiating folds, developed in the outer part of the choroid- 
between the outer, edge of the iris and the ora serrate 
or free border of the retina, 

LII. Cut away the walls of the external auditor^ 
meatus {§ 128), and make out: 

317. The tympanic membrane, a thin sheet o» 
fibrous tissue stretched across the bottom of the external 
meatus. 

318. By carefully removing the tympanic membrane, tfae J 
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■t'ympanic cavity is reached, a small chamber, separated 
from the external meatus by the tympanic membrane, and 
<:;<)rnmunicating with the cavity of the mouth by the Eus- 
tachian tube (g 298), into which a bristle should be passed. 
319. The relations of the columella to the tympanic 
t^avity (see § 61, p, 195). 

LIII. Carefully remove the skin from the shoulder and 
wing, and dissect ofl' the fascia, a strong sheath 
of connective tissue which covers the muscles, 
until the follo^Ving can be made out ; 
320. The tensor patagii longus, a small conical slip 
^f muscle, arising from the antero-extemal region of the 
PSctnralis major : it receives fibres from the tensor patagii 
"re vis (§ 325), and passes distally into a long el.ostic tendon, 
'yiig in the border of the alar membrane {§ T35), and in- 
serted into the skin on the pre-axjal border of the manus. 

33 1, The biceps, a. large muscle forming the fleshy 
mass in the anterior border of the upper arm, and acting as 
"": chief flexor of the fore-arm. 

5 a 2. The triceps, forming the fieshy mass on the poste- 
rior aspect of the upper arm, and acting as extensor of the 
fore -arm. 

523. The tensor patagii accessorius, a small 
squarish mass of muscle lying in the proximal region of the 
slsr membrane : it arises from the fascia of the biceps ; its 
ititerior border is connected by fascia with the tendon of 
the tensor longus, and from its posterior border a long stout 
tendon is given off' which passes outwards, soon becoming 
:l to the tendon of the tensor longus, and having a 
common insertion with it. 
324. The extensor metacarpi radialis longus, a 
; forming the anterior or preaxial edge of the fore- 
ti| and acting as extensor of the manus. 
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325. The tensor patagii brevis, a oroad sheet 
muscle covering the shoulder on its dorsal aspect ; it arisi 
from the dorsal ends of the coracoid and furcula, pi 
backwards, parallel to the humerus and partly covering 
triceps, contributes fibres lo the tensor longus, and is 
serted by a broad tendon into the fascia of the extei 
tnetacarpi radialis longus. 

326. The insertion of the subclavius (g 166): 
muscle passes anteriorly into a tendon which proceeds ft 
wards and outwards to the foramen triosseum : by cutting 
through and reflecting the tensor brevis, the tendon is seen 
to emerge from the foramen on its dorsal side and to be 
inserted into the dorsal surface of the humerus, near the 
greater tuberosity (§ 95) : by pulling upon the muscle, the 
wing is raised ; the subclavius is the chief elevator of the 
upper arm. 

327. The insertion of the pectoralis major (§ 153), 
by cutting through and reflecting the biceps: its fibres 
are gathered into a broad fiat tendon which is attacl 
along the whole extent of the greater tuberosity : the 
toralis major is the principal depressor of the wing. 

LIV. Remove the skin from the leg, and, by carefully 
dissecting away the fascia, clear the muscles and 
their tendons sufficiently to show : 

328. The extensor tendons of the digits, on the 
anterior (dorsal) side of the tarso-metatarsus : those of the 
second, third, and fourth, or forwardly-directed digits, are 
formed by the trifurcation of a single tendon, which, traced 
into the shank, is found to be the tendrm of insertion of a 
small muscle, the extensor longus digitorum, which 
arises from the anterior face of the proximal end of the tibia : 
the extensor tendon of the first digit, or hallux, springs from 
a small distinct muscle, the extensor hallucis brevis, 
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which arises from the proximal end of the tarso-raetitarsus. 
Distaliy the extensor tendons run along the doisal sides of 
the digits, closely bound down by fascia, and are inserted 
into the bases of the distal phalanges, 

339. The gastrocnemius, a large muscle consisting of 
distinct interna! and external portions, and forming the 
outer layer of the fleshy mass on the posterior surface of the 
shank : its two heads arise respectively from the inner and 
outer surfaces of the proximal end of the tibia, the internal 
bead arising also from the distal end of the femur : the two 
heads unite in a broad, flat tendon, which is inserted into the 
proximal end of the posterior surface of the tarso-metatarsus : 
'ts action is to straighten the foot on the shank, 

330. The flexor tendons of the digits, a large number 
"f readily separable tendons on the posterior (ventral) 
surface of the tarso-metatarsus : traced into the leg they 
•Ts found to be the distal tendons of a number of separate 
Diuscles, the flexores digitoram, which arise from the 
posterior and lateral surfaces of the tibia ; to see tbem the 
gastrocnemius should be cut through and reflected. Distally, 
■he flexor tendons can be traced into the toes, either two or 
three to each (see §§ 33'— 334)- 



331. In the fourth, or outermost toe there are two flexor tendons, 
OK being anperficial or veatral to the other ; the superficial or per- 
ftirated tendon (springing from the flexor perforatus muscle) sends 
oH lateral sLps 10 the proximal pbaLinx, and then forks, one division 
E™% to each side of the second and third phalanges : the deep or 
■9^0'aling tendon, lying between the fonner and the bone, passes 
le divi^on of the perforatus, along (he ventral surface of the 
and is inserted into the proximal end of the distal phalanx, 
n the third digit the arrangemeat is complicated by the presence 
TO perforated tendons ; of these the liifurcations of one are inserted 
le proximal, those of the other into the second, phalanx : so that 
^ the fork of the first or superficial perforated tendon both the 
id perforated and the peiforallug tendons pass. 
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333. In (he second digit the arrangement is similar, except lliat llie j 
Unit or supeilidal perforated tendon, instead of forlang, [orml a 
sheath for the other two tendons at the proiitoal end of the first phaUni, 

334. In the first digit or hallux, there are only two flexor tendons! | 
of these the perforatjog tendon is anperfirial, and the perforated forms 1 
sheath for it at the proximal end of the Gret phalanx. 

335- The perforating tendons of the second, thiid, and fonrth digiS I 
are all formed by the trifiircations of a, single tendon, lying dcefc ■ 
than the perforated tendons, and belonging to a large muscle, tit 
peroneus mediua : this tendon is joined by a slip from Ihil uf 
the flexor perforans, which is continued to form the perfontinf , 
tendon of the hallux. 

336. The ambiens, a small, slender muscle, lying superEclaSf oi' 
the iimer surface of the thigh, just over and parallel to the femur : it 
arises &om the pubis immediately ventral to the acetabulum : disInUr '' 
passes into a long, slender tendon, which, on reaching the knee, pel''' 
trates the hbrous capsule of the joint, curves round to the 01 
passing at the same time distalwards, and finally joins the flexO* 
perforatus of the second and third digits. 

337' If) on tlie urdissected side, where the tendons aT* 
not displaced, the shank is flexed on the thigh and ll» * 
tarso-metatatsus on the shank, as in perching, the toes wt ^ 
undergo complete flexion : this is chiefly due to the fact th^^' 
in the flexion of the tars o -metatarsus on the shank the flexC^^' 
tendons of the toes are put upon the stretch as they pa^^' 
the mesotarsal articulation (§ 117): it is also aided b^-7 
the flexion of the shank upon the thigh producing teasio- * 
of the ambiens tendon, which, in its turn, acts upon t!»- ^ 
flexors of the digits. 

LV. In the hardened brain notice the following extern*- 
characters : 

338. The medulla oblongata {Fig. 58, m.o), con — ' 
tinuous behind with the Sijjnal cord, and like it composei^ 
externally of white matteV,: ' it greatly exceeds the cord in 

' The distinction between white and grey matter is not obvious in the 
hnrdoned brain ; it is therefore convenient to have a freshly remiivcd 
brain for comparison, - 
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meter, and at the juncrion of the two there is a strong 
mtrat flexure: it is marked ventrally with a median longi- 
tudinal groove, separating the ventral pyramids : on the 
upper side are the dorsal pyramids, which, passing from 
behind forwards, diverge, leaving a median dorsal hollow, 
Hbe fourth ventricle (Fig, 59, v.4). 

^ .. elf 




^^r Fig. 58.— Columbalivia. The brain A, from above; B, from 
^■beneath ; C, from the left side { x z). 

ch, cerebellimi ; c.k, cerebral hemispbercs : f, fluccnius : ittf, infun- 
dibolum : tn,e, medulla ablQiigala : oj, opliclobes : alf^ alfactory lobes : 
o,t, optic tracts : /n, pineal body ; II-xil, roots of cerebral nerves : 
^■Ii root ef first Epinitl nerve. 
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339. The cerebellum (Fig. 58, cb), a median, laterally 
compressed, crest-like mass, lying above the anterior part of 
the medulla oblongata ; it is marked by transverse furrows or 
sulci, between which are elevations or gyri : on the lateral 
surfaces of the cerebellum the sulci and gyri radiate from 
an area on which is a slight elevation, the flocculus (/) : 
the cerebellum has a pink tint in the fresh brain, being 
composed externally of grey matter. 

340. The Optic lobes [o.l), paired, white, ovoidal bodies, 
situated one on either side, immediately in front of the 
medulla and below the cerebellum, 

341. The cerebral hemispheres {cJt), paired, obtusely 
conical bodies, in close contact with one another, and 
situated immediately in front of the cerebellum and optic 
lobes, with both of which their hinder surfaces are in contact 
they consist externally of grey matter. 

342. The pineal body (pn), a small rounded mass 
the dorsal surface of the brain, wedged in between 
cerebral hemispheres and the cerebellum. 

343. The olfactory lobes {olf), small blunt projectit 
connected one with the anterior end or apex of 
cerebral hemisphere : from them the olfactory nerves 
(first pair of cerebral nerves) are given off to the nasal sacs. 

344. The Optic tracts {o.t\ forming a broad, while 
transverse band, concave forwards, between the optic lobes, 
on the lower surface of the brain : from their anterior 
median region the Optic (second) nerves (n) spring. 

345. The infundibulum {'>*/), a rounded area with 
a central aperture, just posterior to the optic tracts; to 
it is attached the pituitary body, which is usually 
detached in removing the brain from the skulL 

346. The third nerve (iii), arising close behind 
infundibulum, a short distance from the middle line, 
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part of the brain not separated off from the medulla oblongata, 
but answering to the crura cerebri. 

347. Tlie fourth nerve (iv), arising from the dorsal 
side of the medulla oblongata at its anterior end : it emerges 
between the medulla and the cerebellum, and passes down- 
wards in the groove between the medulla and the optic lobe 
to reach the ventral surface of the brain. 

348. The fifth nerve (v), a large trunk arising from the 
lateral surface of the medulla oblongata just behind the 
optic lobe : its fibres extend upwards quite to the dorsal 
edge of the medulla. 

The fifth nerve arises by two roots, the larger of which presents an 
enlargement, the Gasserian ganglion. 

349. The sixth nerve (vi), arising from the ventral 
surface of the medulla near the middle line and just internal 
to the point of origin of the fifth. 

350. The seventh nerve (vii), a small trunk arising 
close behind the fifth. 

351. The eighth or auditory nerve (viii),a large, soft 
trunk arising close behind the seventh : its fibres are traceable 
upwards to the dorsal pyramids of the medulla. 

352. The ninth (ix), tenth (x), and eleventh (xi) 
nerves, arising together close behind the eighth: they 
have small roots, the tenth (vagus) being the largest, and 
the eleventh (spinal accessory) distinguished by being 
traceable upwards and backwards alongside the medulla 
oblongata to the spinal cord, from which it arises between 
the roots of the spinal nerves, also receiving fibres from the 
medulla. 

353. The twelfth nerve or hypoglossal (xii), a 
small trunk arising from the ventral surface of the medulla 
internal to the eleventh. 
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LVI. Separate the hemispheres from one another by 
gently pressing them outwards, noting the absence 
of any connection between them : make a small 
incision in the inner wall of one of them near its 
postero-dorsal corner, so as to lay bare its cavity 
(§ 357)* carefully cut away enough of the inner 
and posterior walls of the hemisphere to expose 
the whole of this cavity : also remove the cere- 
bellum by cutting through its lateral attachments 
to the medulla oblongata (§ 354) : note : 

354. The attachment of the cerebellum to the medulla by 
strong, paired pillars of white matter, the peduncles (Fig. 
59, A, f) : from its attachments the cerebellum extends 
backwards over the medulla and forwards between the 
optic lobes. 

355. The optic commissure (p.c)^ a flat, horizontal 
band of white fibres uniting the optic lobes beneath the 
anterior prolongation of the cerebellum. 

356. The thalamencephalon (the), lying immediately 
in front of the optic commissure, and hidden in the entire 
brain by the meeting of the cerebral hemispheres with the 
cerebellum : it consists of small paired masses of grey 
matter, the optic thalami, which, if the dissection has 
been carefully conducted, will be seen to be covered by a 
thin sheet of pia matter full of blood-vessels, the velum 
interpositum : this is best seen in a fresh brain. 

357. The lateral ventricle, or cavity of the cerebral 
hemisphere, an irregular chamber with very thin inner, 
upper, and posterior walls, but having its floor thickened 
and its dimensions greatly diminished by a large mass of 
white matter, the corpus striatum (c.s). 

358. The third ventricle (v.^), a vertical cleft between 
the optic thalami, roofed over by the velum interpositum, 



and bounded in part by a thin plate of grey matter, the 
lamina terminalis, ij.t). 




pJg. 59- — Columba livia. The brain. A, dissected from ihedorsal 
'~itit ; B, in lougimdiiial verlicJ section { x 2). 

> A, the bemi'pliereaaresomeBhiitdia; laced outwards, and Iheroafs 
' the right lateral and optic ventricles are removed, as well as the 
t^oreljellum and the velum inlerpositum. 

"-c, anterior conimissm'c : fi^cerebellum : c.h, cerebral hemispheres ; 
t.j, C'jipus slrialum ! _/J m, foramen of Monro : ih/ infundibulum : vi.o, 
mrfiilia oblongata: o.c, optic coranii-siire : (i.ch, o\A\c chiasmal o.l, 
ov^ic lobe* T elf, olfactory lobes ; o.v, optic ventricle : p, peduncles o^ 
"rebellum : f.e, posterior commissure : pn, pineal hadfi ths, ihala- 
i^cepluloQ : ».3, third ventricle : t'.^, fourth veutritic. 



359- The foramen of Monro {/.m), a small aperture in 
the inner wall of the lateral ventricle at the level of ihf 
anterior end of the thalamencephaion : it commuiiicates with 
the third ventricle and transmits a vascular fold of pi' 
mater, the choroid plexus, which is continuous ^'^ I' 
the velum interpositum, ■ 

360. The anterior commissure {a.c), a white, trans- ■ 
verse cord connecting the -corpora striata with one another* 1 
and lying just below the foramina of Monro. | 

361. The posterior commissure {p.c), a similar cor<^ 
uniting the thalami immediately in front of the opl»-^ 
commissure. 

362. The fourth ventricle (z'.4), a wide flat cavity ty'*' 
the dorsal surface of the medulla oblongata, covered, in th- 
entire brain, partly by the cerebellum, partly by pia mater. 

LVII. Carefully remove the optic commissure and ll»- ^ 
dorsal wall of one or both optic lobes : observe : 

363. The aqueduct of Sylvius {Fig. 59, B), -* 
median passage placing the third and fourth ventricles i "^ 
communication with one another. 

364. The optic ventricle (Fig. 59, A, o.7'\ a cavity i "** 
each optic lobe, communicating internally with the aqueduc:^^ 
of Sylvius, and with it representing the simple mesoccele C^^^ 
the lower Vertebrata (see § i8r, p. 73, and § 86, p. 23). 

LVIII. Make a longitudinal vertical section of anolh^^^ 
hardened brain, and note : — g 

365. The continuity of the third ventricle, aqueduct C^^-^ 
Sylvius, and fourth ventricle (Fig. 59, B, ;'.3, v.^). ^^ 

366. The relation of the foramen of Monro (f.m) to ih^^^ 
third ventricle, and of the apertures of the optic ventricle tC^^^^ 
the aqueduct of Sylvius. 

367. The downward continuation of the third ventricle i 
into the infundibulum (/»/). 
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368. The relations of the anterior {a.c), posterior {p,c), 
and optic (o.c) commissures. 

369. The arbor vitse, or foliated appearance produced 
in the section of the cerebellum by the superficial grey 
matter being continued inwards into the sulci, and investing 
the outward prolongation of the central white matter into 
the gyri. If a second brain is not at hand, this maybe seen 
in a section of the cerebellum removed in § LVl : it is best 
seen, however, in a fresh brain. 



THE RABBIT {Lepus cuniculus). 



A.— THE SKELETON. 

I. It is advisable to have two skeletons for examin- 

ation, one of an adult animal, the other of a 
specimen about six weeks old ; the latter is the 
more important of the two. In the adult skeleton 
the bones are best kept in their natural connection, 
in the young specimen they should be all sepa- 
rated from one another by prolonged maceration, 
or by boiling for a short time in water. Of the 
entire skull a longitudinal vertical section should 
be made with a fine saw. 

II. In the skeleton as a whole, make out its division 

into 

1. The axial skeleton, consisting of the skull (§ 4) 
and vertebral column, with the ribs and sternum. 

2. The appendicular skeleton, consisting of the 
shoulder-girdle (§ 5), the hip-girdle or pelvis (§ 6), 
and the fore- and hind-limbs. 

3. The division of the vertebral column into regions : 
the cervical region, containing the seven ribless vertebrae 
which immediately follow the head ; the thoracic region, 
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consisting of twelve or sometimes thirteen rib-bearing ver- 
tebrse ; the lumbar region, coTitaining seven or some- 
times six large vertebne without ribs ; the sacral region, 
consisting of four vertebra; more or less completely fused 
into a single bone, the sacrum; and lastly, the caudal 
region, containing about fifteen vertebras, which extend 
from the sacrum to the end of the tail. 

4. The skull, consisting of the skull proper (brain-case 
and upper jaw), the lower jaw or mandible, and the 
tongue-bone or hyoid. 

5. The shoulder-girdle, consisting on each side of the 
scapula, or blade-bone, and of the small clavicle, or 
coHar-bone. 

6. The hip-girdle, consisting of large paired bones, 
the ossa innominata, united both with one another and 
with the sacrum. 

7. The fore-limb, divisible into three parts : a proximal 
division, consisting of a single bone, the humerus ; a 
middle division, containing two bones, an inner, the radius, 
anc3 an outer, the ulna ; and a distal division, the manus, 
ma.de up of the carpus or wrist, and of five digits. 

S. The hind-limb, also divisible into three parts : a 
proximal, containing a single bone, the femur ; a middle, 
consisting of a large inner bone, the tibia, and a small 
outer one, the fibula ; and a distal, the pes, consisting of 
^e tarsus or ankle, and of four digits, 
^k III. In one of the first half-dozen thoracic vertebras 
^P note 

^ 9. The centrum or body, a sub-trihedral mass of bone 
'orining the ventral porrion of the vertebra. 

to. The neurapophysesorneural processes, paired 
_9pny rods, passing upwards and slightly outwards, one from 
I side of the centrum and uniting with one another 
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above to form the neural arch, through which the spinal 
cord passes : each neurapophysis consists of a ventral, 
somewhat cylindrical portion, the peduncle, and of a 
dorsal flattened portion, the lamina. 

11. The neural spine, an elongated, backwardly 
directed process proceeding from the apex of the neural 
arch at the junction of its two laminae. 

12. The transverse processes, short stout rods pro- 
ceeding directly outwards one from each side of the neural 
arch at the junction of the peduncle and lamina. 

13. The anterior zygapophysis, a small horizontal 
process projecting forwards from the anterior face of each 
neurapophysis at the junction of the peduncle and lamina : 
its dorsal surface is flat and smooth, forming an articular 
facet. 

14. The posterior zygapophysis, a slight projection 
of the postero-ventral region of each lamina, bearing an 
articular facet on its under side.^ 

15. In the young skeleton, the epiphyses, two thin 
bony disks, closely applied one to the anterior the other to 
the posterior face of the centrum to which they are ankylosed 
in the adult. 

In the young subject the epiphyses easily separate from the vertebra 
proper, to which, indeed, they are less firmly attached than to the inter- 
vertebral ligaments (§ 27) ; it therefore often happens, in maceration, 
that an epiphysis becomes detached from its own vertebra, but remains 
united to the next by the intervertebral ligament. 

The free surfaces of the epiphyses are smooth ; their inner surfaces, in 
contact with the centrum, are rough, as also are the faces of the centrum 
itself: the centrum presents two oblique grooves, corresponding to the 
neuro-central sutures (§ 16), and equally well marked whether the latter 

^ It is useful to remember that the anterior face of a vertebra can 
always be told by observing the zygapophyses : the facets of the anterior 
zygapophyses look upwards, inwards, or forwards, those of the posterior 
zygapophyses downwards, outwards, or backwards. 
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faa.ve disappeared or not ; the inner face of the epiphysis bears two 
ridges corresponding with ibese grooves. It is thus easy to tell from the 
appearance of a verlebra whether its epiphyses are present or not 

H 16. The neuro-central sutures, oblique division planes 
Bpparaling the centrum proper, in the young animal, into 
three portions; the middle piece is a distinct bone, the 
lateral pieces are continuous with the neurapophyses, 

17. The tubercular facet, a small surface near the end 
of the transverse process and serving for the articuJation of 
the tubercle of a rib (g 29). 

iS. The capitular demi-facets, two semilunar surfaces 
althe junction of tiie centrum and neurapopbysis, one at 
the anterior the other at the posterior border of the verte- 
bra, and furnished partly by the vertebra proper, partly by 
the epiphysis : the anterior derai-facet serves for the articu- 
lation of the head of the rib (§ zg) belonging to the vertebra 
in question, the posterior for that of the next following rib. 
IV. In the remainder of the vertebral column note : 

19. The last three thoracic vertebrse: note the 
•iioiinished size of the neural spine, which is vertical in tJie 
eleventh (anticlinal vertebra), and slopes slightly forwards 
in the twelfth, becoming at the same time compressed from 
side to side ; tlie shortness of the transverse processes, and 
the absence of a tubercular facet ; the entire capitular facet 
w the head of the rib, there being no iialf-facct on the 
posterior edge of the centrum ; the mctapophysis, a large 
process near the anterior border of the neural arch, just 
P'lsterior to the anterior zygapophysis, and projecting 
"Pwards and slightly fonvards. 

20. The lumbar vertebrae : note the short, forwardly 
''''■ected, laterally compressed neural spine; the large 
""^tapophyses ; the anterior zygapophyses looking directly 
'^^ards, the posterior outwards ; the large transverse 
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processes increasing in siic from the first lumbar vertebra 
to the last, and turning forwards ; the hypapophysis, a 
short flattened process from the under surface of the 
centrum of the second and third ; and the anapophysis, 
a small pointed process, projecting backwards from the 
posterior edge of the neural arch beneath the posterio' 
zygapophysis. 

zi. The sacral vertebrae: these are much like the 
lumbar, but have smaller metapophyses, and no anapo- ii 
physes or hypapophyscs. In the first the spine is usually 
directed forwards, in the second it is vertical, and in iht 
third and fourth directed backwards. The first and seconii 
only give attachment to the hip-girdle, for which purpose j 
they are provided with great expanded lateral plates wli 
roughened edges, which answer to sacral ribs. 

23. The caudal vertebrse, at first like the sacral, bui 
gradually diminishing in size and complexity until they are 
reduced to mere centra. 

23. The last (seventh) cervical vertebra ; it somewbs' 
resembles the anterior thoracic, but the transverse proftis 
has no facet, and the centrum a demi-facet only on i^ 
hinder edge. The centrum also is so altered in shape tli^' 
its anterior face looks downwards as well as forwards, and 
its posterior face upwards as well as backwards. 

24. The third to the sixth cervical vertebrae : these 
have the centrum with its anteriorface looking downwards and 
forwards, and its posterior face upwards and backwards ; tlie 
transverse processes are divided into two parts, one of which 
projects directly outwards, while the other (inferior lamina) 
forms a flat irregular plate, attached along the whole infero- 
lateral edge of the centrum. An aperture, the vertebrar- 
terial canal, perforates the base of the transverse process, 
and, during life, transmits the vertebral artery (§ 250), 
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25. The second cervical vertebra, or axis ; the centrum 
is produced anteriorly into a strong, bluntly-pointed peg, 
the odontoid process ; on the under surface of this is 
an articular surface, and on each side of its base is another 
large surface; all these are for articulation with the first 
vertebra ; the spine is flattened from side to side, and greatly 
produced from before backwards ; the transverse processes 
are small, directed backwards, and perforated by the verte- 
brarterial canal. In young rabbits (six weeks) this axis 
consists of three pieces, one forming the arch, another the 
posterior part of the centrum, and the third the anterior 
part of the centrum with the odontoid process : the latter 
ossification (os odontoideum) answers to part of the 
centrum of the atlas. 

26. The first cervical vertebra or atlas : the centrum 
is reduced to a mere flat plate, hardly thicker than the arch, 
and with less than half the antero-posterior dimensions of 
the latter ; the transverse processes are large, flattened from 
above downwards, and perforated ; just within and below 
the vertebrarterial canal, on the posterior face of the 
vertebra, is a large oval facet for articulation with the 
corresponding surface of the axis, and on the upper sur- 
face of the centrum is a smaller facet corresponding to the 
surface on the ventral face of the odontoid ; on the anterior 
surface are large, paired, irregularly crescentic facets for the 
occipital condyles (§ 34). 

27. In an entire skeleton note the mode of articulation 
of the vertebrae : the centra are united by pads of fibro- 
cartilage, the intervertebral ligaments, only to be seen 
in the fresh state ; the arches are united by the anterior 
zygapophysis of any vertebra being overlapped by the 
posterior zygapophysis of the vertebra next in front. 

28. The intervertebral foramina, seen in the entire 
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skeleton as spaces between the peduncles of successive 
neural arches ; they serve for the transmission of the spinal 
nerves. 

V. Make out, in the ribs and sternum : 
sg. The seven true ribs i each consists of a completely 
ossified vertebral rib dorsally, and of a cartilaginous 
sternal rib ventrally. The vertebral rib has a head 
articulating with the capitular facet on the centrum of iis 
own vertebra and of that next in froDt ; a tubercle on the 
dorsal side articulating with the tubercular facet on the 
transverse process of its own vertebra, and a short doreal 
process just external to the tubercle. The sternal ribs, 
with the exception of the first, sL\th, and seventh, articulate 
at the junction of two of the segments of the sternum. 

30. The five false ribs : in all but the first of these the 
tubercle is obsolete, and in all the sternal rib does not 
articulate directly with the sternum. 

31. The sternum, consisting of six segments, the 
so-called sternebrEC, of which the first is large, and keeled 
ventrally, and is called the manubrium. With the sixth is 
connected a rounded plate of cartilage, the xiphistemura 
or xiphoid process, 

VI. In the skull note : 

32. The large development of the facial as compared 
with the cranial portion of the skull, the latter induding 
those bones which surround the brain -case. 

33. The large foramen magnum, on the posterior 
surface of the brain-case, through which the spinal cord 
becomes continuous with the brain. 

34. The two oval occipital condyles, bounding the 
foramen magnum at the sides and below. 

35. The large hollow on each side of the skull formed 
mainly by the orbit or cavity for the eye, and bounded 
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below by a bony bar, the zygoma : its posterior part 
answers to the temporal fossa. 

36, The auditory aperture on each side of the hinder 
region of the brain-case : it is fomied by a sort of bony 
tunnel, and looks upwards, outwards, and backwards. 

37. The nasal apertures, quite in front of the snout, 
and confluent in the dry skull. 

3S. The very small extent of the bony palate, which 
is reduced to a narrow bridge running between the two rows 
of grinding teeth {see S§ 65 and 67), 

39. The articulation of the lower jaw to the skull directly, 
and not through the intermediation of a quadrate bone- 

40. The distinctness of most of the bones even in adult 
life. 

41. The long, slender processes, given off from many of 
the bones and helping, in the dry slcull, to keep the various 
bones together. 

42. The basioccipital, a flattened bone, bounding the 
foramen magnum below, and forming the liiuder part of 
the base of the skull and the lower third of the occipital 
condyles. 

43. The exoccipitals, joined below with the basi- 
occipital, bounding the foramen magnum at the sides, 
and forming the upper two-tiiirds of the occipital condyles. 
Each is produced downwards into a paroccipital process, 
which fits closely against the posterior surface of the bulla 
tympani {§ 54), and is perforated neat its junction with 
the basioccipital by two small apertures, the condylar 
foramina, which transmit the hypoglossal nerve. 

44. The supraoccipital, articulated below into the 
exoccipitals, and bounding the foramen magnum above ; it 
is a very irregular bone, with a strongly-pitted surface, and 
marked externally by amedian, escutcheon-shaped elevation. 
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In ihe adult, the basi-, ex-, and supraoccipitals are all 
fused together into the single occipital bone. 

45. The interparietal, a small transversely oval bont, 
interposed between the middle part of the front edge of the 
supraoccipital and the parietals (g 46). 

46. The parietals, a pair of thin, slightly arched bones, 
forniing a considerable part of the roof of tbe brain-case; 
they are separated from one another by the median sagittal 
suture, and from the interparietal and supraoccipital, with 
which they articulate posteriorly, by the transverse lamb- 
doidal suture ; the outer edge of each gives off a long 
downwardly directed process, which, in the entire skull, 11 
covered by the squamosal (§ 53). 

47. The frontals, roofing in the anterior part of llie 
brain-case, articulated with one another in the middle line 
by the frontal suture, and with the paiietals behind bj 
the transverse coronal suture. Each is an irregular booe, 
with a slightly arched upper surface; an irregular anterior 
border ; an orbital process, a thin plate continued down- 
wards and inwards from its outer border, and forming ik 
upper part of the inner wall of the orbit; and a supra- 
orbital process, projecting directly outwards from llie 
outer border, free at both ends, and forming a protection » 
the orbit above. 

48. The basisphenoid, articulated behind by a broad 
surface with the basioccipital, and tapering in front lo » 
blunt point ; it is perforated at about the middle of if 
extent by an oval foramen, and its upper surface is hollowed 
out to form the sella turcica, which lodges tbe pituitary 
body (§ 484), and is bounded before and behind by ihc 
anterior and posterior clinoid processes, of which 
the latter only are formed by the basisphenoid. 

49. The alisphenoids : two wing-bke bones directed 
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upwards and outwards, firmly ankylosed, even in young 
rabbits, one to either side of the basisphenoid, and pro- 
duced below on each side into two laminae, which unite 
with one another along their anterior edges, forming a 
dihedral angle open behind. These form the pterygoid 
process of the alisphenoid: with the inner lamina the 
pterygoid bone (§ 68) articulates. 

50. The sphenoidal fissure, a large notch on each side 
between the basisphenoid and alisphenoid ; it transmits 
the third, fourth, and sixth nerves, as well as the first and 
second divisions of the fifth- 

51. The presphenoid, a laterally compressed bone, 
joined behind to the basisphenoid by synchondrosis (carti- 
laginous union), so that in the dry skull there is always a 
considerable interval between the two bones. It forms the 
inferior and anterior boundary of a large oval aperture 
which puts the two orbits in communication with one 
another, and both in communication with the brain- 
case : this is the optic foramen, and transmits the 
optic nerves (§ 485). On its upper or cranial surface the 
presphenoid is produced behind into the two anterior 
clinoid processes : in front of the optic foramen it gives 
off two irregular outwardly diverging laminae, which form 
part of the inner wall of the orbit, articulating above 
with the inferior border of the orbital process of the frontal. 

52. The orbitosphenoids : two wing-like laminae 
directed outwards and slightly backwards, projecting one 
from each side of, and completely ankylosed with, the pre 
sphenoid : they form the superior and posterior boundary 
of the optic foramen. 

53. The squamosal : a bone of very irregular form, 
articulating above with the parietal and frontal, in front 
with the orbital process of the frontal and the orbito- 



sphenoid, below with the alisplienoid, and behind with 
the descending process of the parietal. From its outer 
face is given off the zygomatic process, a strong bar 
of bone which passes first outwards, then downwards, and 
lastly forwards, and which bears on the under surface 0/ 
its outwardly directed portioi] an articular surface— the 
glenoid cavity — for the lower jaw. From the posterior 
edge of the squamosa! a slender process is given off, which 
passes backwards and downwards against the surface of ilie 
periotic (§ 56). 

54. The tympanic, a bone constituting the osseous 
part of the auditory meatus. It consists of a tubular 
portion above, and of a swollen portion below, wliich 
projects on the under surface of the skull and articu- 
lates with the lateral edge of the basioccipital : this last 
is the bulla tympani. Both tubular and bulbous 
portions are incomplete on the inner face, a vacuity being 
left which is only filled up when the tympanic bone ia 
applied against the periotic. At the junction of i 
tubular and bulbous portions the tympanic is produc 
its inner surface into a curved flattened ridge, to which S 
tympanic membrane is attached {§ 346). 

55. On the posterior border of the tympanic, at ll 
junction of its tubular and bulbous portions is a sha 
groove ; when the tympanic is in place this notch i 
verted by the periotic into a canal, the stylo-niasto 
foramen, which transmits the seventh nerve. A notch S 
the p OS tero- inferior region of the bone is also converted 
into a canal by the juxtaposition of the periotic, fonniDg ihe 
bony portion of the Eustachian tube (§ 35T). 

56. The periotic : a very irregular bone, articulating 
with the exoccipital behind, the supraoccipital above, the 
descendirig process of the parietal in front, and the ba»- 
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occipital below : the tympanic is closely applied to its outer 
surface, the tympanic cavity being enclosed between the 
two bones : a process from its posterior edge fits over the 
groove just noticed in the tympanic, completing the stylo- 
mastoid foramen and helping to keep the two bones in 
position. On its outer surface, and therefore seen only 
when the tympanic is removed, are two small apertures, the 
anterior of which is the fenestra rotunda, the posterior 
the fenestra ovalis. On its inner or cranial surface 
is a large hemispherical depression, the floccular fossa, 
for the lodgment of the flocculus of the cerebellum (§ 477), 
and beneath this is a shallow depression, the internal 
auditory meatus, with two apertures in it for the trans- 
mission of the seventh and eighth nerves (§§ 49r, 492). 

57. The foramen lacerum medium; a. large space 
between the periotic and alisphenoid : it transmits the third 
division of the fifth nerve (§ 357). 

58. The foramen lacerum posterius : a space 
between the periotic and the exoccipital, through which the 
ninth, tenth, and eleventh nerves leave the skull (§ 493). 

59. The mesethmoid : this is seen only in the dis- 
articulated or bisected skull i it consists of two parts, the 
cribriform plate, riddled with numerous small holes for 
the passage of the olfactory nerves, and completing the 
antero- inferior portion of the wall of the brain-case, and 
of the lamina perpendicularis, a median vertical plate, 
which proceeds from the anterior surface of the cribriform 
plate into the nasal cavity. In the recent state the lamina 
perpendicularis is continued forwards by a cartilaginous 
plate, the septum nasi, and the two together separate the 
right and left nasal cavities from one another. 

60. Lying againsl, the ventral liorilcr of llie septum nasi are tlie 
paired scroU-lilie Jacobson's cartilages : they are attached in 
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front to the septum and free behind, and are ensheathed in 
the palatine processes of the premaxillse. The dorsal edge of the 
septum is produced on each side into a long, narrow, horizontal shelf^ 
which underlies the nasal, and is continued in front into a narrow ali- 
nasal cartilage, which encircles the nostril and unites below with the 
antero-ventral region of the septum. 

6 1. The parethmoids, or ethmo-turbinals, two 
complicated folded bones, situated one on either side of the 
mesethmoid, to which they are ankylosed in the adult. 

62. The vomer, a long bone, deeply grooved on its 
upper surface, the groove receiving the inferior edge of 
the lamina perpendicularis and septum nasi ; in the adult 
it is ankylosed to the parethmoids. 

63. The nasals, two large flat bones which roof in the 
nasal cavities, articulating with one another in the middle 
line, and with the frontals behind. The inferior surface of 
each nasal is produced into a very thin, pouch-like process 
of bone, the naso-turbinal. 

64. The premaxillae, a pair of irregular bones which 
form the anterior boundary of the snout. Each gives off a 
long nasal process from its upper and posterior edge, 
which passes backwards and slightly upwards, articulating 
with the external border of the nasal and with the anterior 
edge of the frontal ; a palatine process from its inner 
and anterior region, which passes directly backwards, in 
contact with its fellow of the opposite side along the 
palate ; and a short, stout maxillary process, which passes 
directly backwards from its postero-ventral region and 
articulates with the maxilla in the premaxillo-maxillary 
suture ; and presents, in its anteroinferior region, two 
sockets or alveoli for the incisor teeth (§ 77). 

65. The maxillae, two large and very irregular bones, 
which, together with the premaxillae, form the framework of 
the upper jaw. Their outer surfaces are spongy; on their 
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Jventral surfaces are the alveoli for the premolar and molar 
teeth (5§ 79 and 80) ; the inner iuid inferior edge of each 
gives off, opposite the first and second premolar teeth, a 
horizontal palatine process, which, articulating with its 
fellow of the opposite side, forma the anterior half of the 
bony palate. From the outer and posterior region of each a 
Hrong process is given off, which turns first outwards and 
'fien backwards, its upper edge articulating with the lower 
edge of the zygomatic process of the squamosal; in the 
"fw-bom rabbit this process is a separate bone, the jugal 
Jrraalar. A little above the first premolar tooth (§ 79) is 
n aperture, the infra-orbital foramen, leading by a 
canal into the orbit, and transmitting ihe second division 
lef the fifth nerve (§358). 
[ 66. The maxillo-turbinals, two thin scroll-like bones, 
liiich occupy the anterior portion of tiie nasal chamber, 
[ 6;. The palatines, thin lamioDc of bone, which articulate 
B front with the maxillas, above with the orbital processes 
jf the presphenoid, and behind with the pterygoid and 
li the pterygoid process of the alisphenoid. From the 
r and anterior region of each is given off, opposite 
! third premolar tooth, a horizontal, inwardly directed 
illatine process, which, articuUtiog in the middle line 
s fellow of the opposite side, and in front with the 
latine process of the maxilla, forms the posterior half of 
6 bony palate. 

>8. The pterygoid, a small, irregular plate of bone, 

^ulating with the posterior edge of the palatine and with 

fcinner lamina of the pterygoid process of' the alisphenoid 

B49) : it ends ventrally in the free, backwardly curved 

nular process. 
■6g. Tlie lacrymals, two small bones fitted, one on 
" each side, into the anterior wall of the orbit, between the 



maxilla and frontal : they often fail out in the dry skull. 
Each is perforated, near its outer border, by a small aperture 
for the lacrymal canal. 

70. In the longitudinal section of the skuU note the 
cranial fosSEe for the reception of the chief divisions of 
the brain. The hindmost of these, or cerebellar fossa, 
for the lodgment of the cerebellum (§477), is marked off 
from the cerebral fossa, for the cerebral hemispheres 
(§ 480), by a sharp oblique ridge along the inner face of 
the periotic and by the junction of the parietal and supni- 
occipital; it is along this line that the tentorium (g i6i} is 
attached. I'he small olfactory fossa, for the olfactory 
lobes (§ 483), is an offshoot of the anterior end of the 
cerebral, and is marked only by an inconspicuous ridge on 
the inner surface of the frontal. 

71. The mandible, or lower jaw, consisting of two 
separate halves, or rami, which articulate with one another 
in front by a rough surface. Each ramus consists of i 
horizontal portion, bearing the sockets for the teeth, and of ao 
ascending portion, which ends above in the longitudinally 
elongated condyle for articulation with the squamosa!. 
Anteriorly the ascending portion gives off the plate-like, 
slightly incurved coronoid process. The postena-inferiw 
portion, or angle of each ramus, is somewhat produced 
backwards, and gives off an inward shelf-like iitojection. 
On the inner surface of each ramus, at the junction of tlie 
horizontal and ascending portions, is the inferior dental 
foramen, consisting of a number of small apertures and 
transmitting the third division of the fifth nerve (§ 357). 

Interposed betMeen tbe conijyle and llie glenoid cavity is a conciw 
convex plate of cartilage, the meniscus. 

•j2. The hyoid, situated at the root of the toi^ue, 
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anterior to the larynx (see §§ 124, 125, p. 289), and always 
detached in the prepared skull : it consists of a stout tl^ick 
body, or basi-hyal, a pair of small anterior comua, or 
cerate- hyalSy and a pair of long, backwardly directed 
posterior comua, or thyro-hyals (cerato-branchials). 

VII. Carefully break away in an entire skull the outer 
wall of the tympanic bone, and make out the 
following bones : ^ 

73. The malleus, a small bone, recognised at once by 
the bony process or manubrium, by which it is attached, 
in the recent state, to the tympanic membrane. It con- 
sists of a rounded head, from which the manubrium and 
other lesser processes are given off, and which presents 
a saddle-shaped surface for articulation with the incus. 

74. The incus, articulating by a saddle-shaped surface 
with the malleus, and giving oflF two processes, the short 
cms and the long crus. 

75. The OS orbicuiare, a minute disk of bone attached 
to the long crus of the incus. 

76. The stapes, a stirrup-shaped bone, having its base 
inserted into the fenestra ovalis (§ 56), and articulated by 
a small knob on the summit of its arch to the orbicuiare. 

VIII. Observe the following points in the teeth : 

77. The incisors, of which two are situated in each 
premaxilla, and one in each ramus of the mandible. The 
anterior upper incisors are long, curved, chisel-shaped 
teeth, covered with enamel on the anterior surface only, 
marked on the same surface with a deep longitudinal groove, 
and destitute of roots. The posterior upper incisors are 
small teeth, situated behind the corresponding anterior 
incisors. The lower incisors resemble the anterior upper 

^ This may be conveniently done with the skull of a specimen used 
for dissection. See Sees. XLII — XLIII. p. 331. 
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incisors, except that they are not grooved anteriorly. In 
the position of rest they fit against the posterior upper 



78, The absence of canines, or teeth situated imm^ 
diately beliind the premax ill o-m axillary suture. 

79. The premolars: three on each side of the upper 
jaw (in the maxilla), two on each side of the lower jaw, and 
separated by a long interval or diastema from the incisore. 
They are long curveJ teeth, devoiJ of fangs. The first 
tooth in the upper jaw is small and quite simple: ihe 
remaining two are marked externally wit!i a longitudinal 
groove, separating two -well-marked ridges : their crowns 
present two transverse grooves bounded by ridges. In ihe 
lower jaw the first premolar has two grooves and three 
ridges, the second resembles those of the upper jaw. 

So. The molars, three on each side of each jaw, and 
closely resembling the upper premolars, except that the losl 
in each jaw is small and simple. 

IX. In the shoulder -girdle and fore-limb note ; - 

81. The scapula, a flat triangular bone, lying, in the 
natural position, external to the anterior ribs, its apex being 
over against the first rib, and the long axis, drawn from its 
apex to its base, inclined upwards and backwards. Tht 
base of the trianijle consists, in the recent state, of a strip 
of cartilage, the supra -scapula ; its apex is formed by the 
smooth concave glenoid cavity for the articulation of 
the humerus; immediately anterior to this latter is a small 
inwardly curved coracoid process, consisting in the 
young animal (six weeks) of two separate ossifications and 
representing the coracoid of the lower Vertebrala : of 
these ossifications the pre-axial goes mainly to form the 
coracoid process, the post-axial is a small nodule bearing a 
facet which forms the anterior part of the glenoid cavity. 
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The anterior or pre-axial edge of the scapula is the 
coracoid border, its post-axial edge the glenoid border ; 
a. third or acromial border is constituted by the free 
edge of the large spine which projects from its external 
face; a fourth or supra-scapular border by its dorsal 
edge. Its external surface presents a pre- scapular fossa 
anterior to, and a post-scapular fossa posterior to, the 
spine ; its internal surface constitutes the sub-scapular 
fossa. The free ventral end of the spine is the acro- 
mion ; 3. small process, which projects from it backwards 
and downwards, is the metacromion. 

82, The clavicle, a small, curved, rod-like bone, attached 
by fibrous tissue at one end to the sternum, at the other lo 
the acromion. 

Atttched lo tie outer end of Iho einvicle is a small nodule of cnrlilnge, 
Ihc raeso-scapular segment : attached to its inner or sternal end are 
two simiLir nodnles, ihat nearest the clavicle is the procoracoid, 
the other 



S3. If the fore-limb be compared with that of a Lizard 
(p. r47 § X.), it win be seen that the altered position of 
the parts in the mammal is due to the following changes : ^ 
(i) the distal end of the humerus has become rotated 
backwards so as to bring the whole limb into a plane parallel 
with the median vertical plane of tlie body ; the pre-axial 
border then becomes external, and the originally dorsal 
surface looks, on the whole, backwards : (2) the radius 
and ulna have become fixed in the position of pronation, 
that is, the distal end of the radius has rotated round the 
ulna carrying the hand with it : the consequence of this is 
that while the pre-axial border of the proximal end of the 

1 The chanE^s in positiDn of the vertebrate limbs are best made out 
on the skeleton of a man or ape, in which the bones are articulated 50 
as to allow cf the natural movements, including pronation and supina- 
tion, being petfotmed. See Flower, Oilaiegy oftm Mammalia, p. 245. 
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fore-arm is, like tHat of the humerus, external, the sau 
border comes to be internal in the distal end of the fore-an 
and in the manus, the dorsal surfaces of which look, on tS 
whole, forwards. 

84. The humerus, a long bone consisting of a aha 
and of Hvo iiromineiit extremities, and having il 
axis directed from the glenoid cavity downwards and bad 
wards, so that its originally dorsal surface looks upwards a 
backwards, its ventral surface downwards and forwards^il 
pre-axial border outwards, and its post-axial border inwarfj 
The proximal extremity presents, dorsally, a rounded hea 
for articjlation with the gknoid cavity; pre-axially, a liill 
projection, the greater tuberosity ; post-axially, a smalh 
projection, the lesser tuberosity; and between t) 
tuberosities a depression, the bicipital groove. On li 
anterior (ventral) surface of [he proximal end of the shaft 
the deltoid ridge. The distal extremity presents a lai] 
pulley-hke surface, or trochlea, for the articulation of A 
ulna and radius, and a smaller pre-axial surface, or cap 
tellum, for the radius only (see §§ 85 and 86); a de(| 
olecranon fossa on the posterior (dorsal) side, for & 
reception of the olecranon process of the ulna, perform 
by a small supra -trochlear foramen ; a small pre-a 
external condyle just outside the capitellum ; and 
larger post-axial internal condyle, similarly situated with 
regard to the trochlea. In the young rabbit the extremities 
of the humerus consist of separate bones, or epiphyses. ■ 

85. The radius, or shorter bone of the fore-a 
curved forwards, and so situated that its true dorsal sui 
looks forwards and slightly upwards, and its pre-a 
border inwards. Its proximal extremity or head prese 
a double articular surface for the pulleys of the humei 
its distal extremity, a pair of slight concavities : 
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scaphoid and lunar bones (§ 87) : the ventral (posterior) 
surface of the shaft is flattened, and fits against the 
ulna. In the young animal both extremities consist of 
epiphyses. 

86. The ulna, or longer bone of the fore-arm : it is 
immovably articulated, though not ankylosed, to the radius, 
in the position of pronation, its anterior surface being 
flattened for the reception of that bone. At the proximal 
end of the same surface is the sigmoid cavity for the 
articulation of the liumerLis ; beyond this the bone is pro- 
duced into the olecranon or anconeal process. At its 
distal end the ulna presents a couvl-x surface for the 
articulation of the cuneiform (§ 87). In the young animal 
the whole distal end of the bone is formed of an epiphysis : 
the proximal epiphysis is small, consisting of a nodule on 
the olecranon. 

87. The carpus, consisting of a proximal and a distal 
row of small nodular hones. The bones of the proximal 
row, beginning from the preaxial (inner) side, are sca- 
phoid (radiale), and lunar (intermedium), articulating 
with the radius, cuneiform (ulnare), articulating with the 
ulna, and pisiform (a sesamoid), aiticulating with Ehe 
ventral (palmar) side of the cuneiform and with the ulna. 
In the distal row are five bones, the central one of which 
is distinctly proximal to the other four, and really con- 
stitutes by itself a middle row ; this is the centrale, 
the others being trapezium (carpale i), on the pre-axial 
side, then trapezoid (carpale a), magnum (carpale 3) 
situated immediately to the post-axial side of the centrale, 
and unciform (carpalia 4 and 5) ou the post-a.vial side. 

{8, The metacarpus, consisting of the five mcta- 
pal bones, of which that belonging to the first or pre- 
il digit (pollex) is the shortest, the fifth somewhat longer. 
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tlie second and fourth still longer, and the third longest of 
all. The first articulates with the trapezium, the second 
with the trapezium, trapezoid, centrale, and magnum, ihe 
third with tlie magnum and unciform, and the fourth 
and fifth with the unciform. Tlieir distal ends preient 
puUey-like surfaces for articulation with the proximal 
langes, and in the young animal are formed by epiphys 
they have no proximal epiphyses. 

89. The phalanges, of which there are two to 
pre-axial digit, or pollex, and three to the other four. The 
proximal and middle phalangi:s have hollowed proximal 
and pulley-like distal articular surfaces; the distal or ungual 
phalanges have hollowed proximal surfaces, and have 1 
conical form, the dorsal surface being grooved for the (inner 
attachment of the horny claw. In the young rabbit the 
proximal end of the proximal and middle phalanges are 
formed by epiphyses : they have no distal epiphyses. 

90. The sesamoid bones, smdl nodular ossicles sitiiateil od ib^ 
palmar side of the joint:; of the digits : ihete is a pair between to 
metacarpal and proximal phaloiiji, and a single one between the miildlt 
and distal phalajiges of all the digits except the first ; and one belwW 
the proximal and distal phalanges of the pollei. 

X. In the hip-girdle and hind limb note : 
t)i. The pelvis, or hip-girdle, consisting of the t**" 
innominate bones. Each of these consists of a" 
antero-dorsal portion, the ilium, articulated by a roug'' 
surface to the sacrum, and of a postero-ventral portio" 
perforated by a large aperture, the obturator foramed- 
which divides it into a pre-axial (anterior) part, the pubift 
and a post- axial (posterior) part, the ischium. In theyouflf 
animal the ilium, ischium, and pubis are separate bonfS 
meeting one another in a triradiate suture in the centre oi 
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the acetabulum,^ a deeply cont:ave articular surface on 
the external face of the innominate bone. The ilium 
presents a ventral (pre-axial) pubic border, a dorsal 
(post-axial) ischial border, an extemn! acetabular 
border consisting of an inconspicuous ridge running from 
the acetabulum along its outer surface, and an anterior 
(dorsal) supra-iliac border along its free end : that portion 
of its external surface on the ventral side of the acetabular 
border is the iliac fossa, that on its dorsa! side the 
gluteal fossa; its inner surface is the sacral fossa. 
The pubes of opposite sides unite with one another in 
the middle line, by synchondrosis, to form the symphysis 
pubis ; the posterior part of the ischium is expanded and 
roughened, forming its tuberosity (tuber ischii). 

92. If the hind-limb be compared with that of the Lizard 
(p- 151 § loS), it will be seen that the femur, and with it 
the whole limb, has undergone rotation forwards : as a coti- 
sequence of this the hind-limb is, like the fore-limb, 
brought into a plane parallel with the median vertical plane 
of the body, but, the rotation being in the opposite direc- 
tion, the pre-axial border is internal in the whole limb, anil 
the originally dorsal surface looks, on the r.hole, forwards. 

93. The femur, the long axis of which, in the natural 
position, is directed downwards and forwards, so that its 
originally dorsal surface looks upwards and forwards, and its 
pre-axial border innards. Its proximal extremity presents 
2 rounded, projecting head on its pre-axial (inner) border, 
for articulation with the acetabulum; a large process, the 
greater trochanter, just external to the head; a pit, the 
trochanteric fossa, on the ventral surface, bounded 
pre-axially by the great trochanter ; a lesser trochanter 
It from Ihe acelabulum by a small 



on the pre-axial border, immediately distal to the head; 
and a small third trochanter on the post-axial (external) 
border, slightly beyond the great trociianter. On the head 
is a shallow pit for the attachment of the ligamejituin 
teres (§ 471). Its distal extremity presents an internal 
condyle (pre-axial) and an external condyle (post- 
axial), separated from one another by the intercondylar 
notch, wliich, with the condyles, forms the articular siufiK 
for the tibia (§ 96) and patella {§ 95), The internal aaJ 
external tuberosities are small roughened projections, 
situated, the first on the pre-axial, the second on the 
post-axial, border of the distal extremity of the femui, 
close to the condyles. In the young animal the whole 
distal end of the femur is formed by an epiphysis, while at 
the proximal end are two epiphyses, one forming the head, 
the other the greater trochanter. 

94. Two nodular sesannoid bones, or fabellEe, occur in 
connection with the distal end of the femur, a smaller pre- 
axial, and a larger post-axial, both being situated quite on the 
posterior (ventral) aspect of the bone. 

95. The patella (a sesamoid), a small nodule of bone, 
lilting against the pre-axial end of the intercondylar nolthi 
and connected by ligament to the tibia. 

96. The tibia, or larger bone of the shank, so placed 
that its true dorsal surface looks forwards and siiglilly down- 
wards, and its pre-axial border inwards. Its proximal ex- 
tremity presents two slightly concave articular surfaces 
for the condyle of the femur, and two roughened tuberosities 
on its pre-axial and post-axia! borders respectively. A 
prominent ridge, the crest of the tibia, extends along the 
proximal end of the (anterior) dorsal surface of the bone. 
Its distal extremity presents two articular surfaces, one 
pre-axial, and pulley-like, for the astragalus, the other post- 
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axial, somewhat flattened, and projecting beyond tlie first, 
for the calcaneum (§ gg). 

97. The femoro-tibia! or semilunar cartilages, two thin plales 
interposed between the femur and Ihe tibia ; their concave eiiges are 
turned towards one another, and they are situated immediately beneath 
the condyles of the femur. 

98. The fibula, a sraall rod of bone, attached by its 
proxiraai end to the outer tuberosity of the tibia ; distally 
it fuses with the tibia at the middle of its length ; its proxi- 
mal end is formed by an epiphysis. 

99. The tarsus, consisting of six irregular bones 
arranged in three rows. In the proximal row are two bones, 
the astragalus (tibiale), situated on the pre-axia! side, and 
having at its proximal end a large pulley-like surface for 
articulation with the tibia ; and the calcaneum (fibulare), on 
the post-axial side, having at about the middle of its length 
an articular surface for the tibia, beyond which it is pro- 
duced into the long calcaneal process, or heel. In the 
middle row is the single navicular (centrale), articulating 
chiefly with the distal end of the astragalus, but partly also 
with the distal and pre-axial edge of the calcaneum ; its 
ventral or plantar surface is produced into a large distally 
directed process. In the distal row are three bones, the 
mcsocuneiform (tarsale 2) and ectocunciform (tarsale 
3), articulating with the navicular, and the cuboid (tarsalia 
4 and 5), articulating chiefly with the calcaneum. The 
entocuneiform (tarsale i), is either absent or is ankylosed 
with the proximal end of the second metatatsd (see § too). 

100. The metatarsals, four in number, the first (that of 
the hallux or pre-axial digit) being absent. The third is 
the longest, the fourth the next longest, and the second and 
fifth of about the same length. The proximal end of the 
second(theapparentfirst)articulateswith the mcsocuneiform. 
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and is produced into a process which passes external tt 
latter, and articuliites with the navicular; this process is J 
separate bone in the young rabbit, and may represent ibfl 
entocuneiform. The second metatarsal articulates « 
ectocuneiforin, the third and fourth with the cuboid ; all fo* 
are in close contact with one another at their proximal endjj 
their distal ends are pulley-shaped. 

loi. The phalanges, of which each digit has three-, 
they have the same characters as those of the manus (J 8)^ 

p. 2B,). 

102. The sesamoid bones of the pes are similarly situated to llns 
of the manus. 

B.— DIRECTIONS FOR DISSECTION. 
XL Make out the external characters as follows: 

ro3. The hairy integ'ument, which invests the bodj 
the hairs extending even over the tip of the nose and 4 
walking surfaces of the feet. 

104. The division of the body into head, trunk, an 
limbs: the union of the head and trunk by a dislitf 
though short neck : the short tail. 

ro5. The division of the head into a hinder Cianl 
portion containing the brain, and an anterior iad 
portion or snout. 

106. The external nostrils or anterior nares, obli(| 
slits at the fore end of the snout, connected by a 
hairless groove with the mouth. 

1D7, 'J'he mouth, a small transverse aperture bounded f^ 
the upper and lower lips ; the hairy integument stops at it^* 
edges of these above and below, while at the sides it is c(y* 
tinued for a considerable distance into the cavityof the mm 

108. The vibrissas, or "whiskers," a number of h 
stout bristles on the upper lip. 
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109. The large eyes, guarded by an upper and a lower 
yelid, and by a third eyelid or nictitating membrane, 

[ivhich can be pulled over tiie eye from its anterior (inner) 
mer, and is strengthened by a plate of cartilage. 

1 10. The auditory apertures, one on either side of the 
inder region of the head, guarded by the large external 

111. The two rami of the mandible can be felt through 
iie skin, and, between their hinder ends, the movable 
feirynx (§ 124}. 

.12. The vertebral column can be felt extending 
n just behind the head to the extremity of the tail. 
;i3. At the sides of the anterior part of the trunk, the 
i can be felt through the skin, and along the middle 
Antral line of the same region the breast-bone or sternum. 
rhese, with the corresponding part of the vertebral column, 
inclose the anterior or thoracic region of the trunk. 

. The posterior or abdominal region of the trunk, 
enclosed at the sides and below only by skin and muscle, 
except at its posterior extremity, where it is bounded by the 
pelvis, the ventral portion of which, or symphysis 
i, can be readily felt through the skin. 
. The anus, a rounded aperture just under the root 
tail, and bounded laterally by two naked patches 
integument, the perineal spaces, on which open 
ducts of the perineal glands {see g 277), to the 
n of which the animal owes its peculiar and unpleasant 
mell. 

. The urinogenital aperture, between the anus and 
e symphysis pubis : in the male it is small and situated at 
e extremity of the backwardly directed inlromittent organ 
■ penis, in the female it is a large slit-like opening 
r vulva. 
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117. In the adult male, a pair of considerable projectioi 
will be seen, one on either side of the root of the p 
these are the scrotal sac3, and contain tlie testes. 

118. The scapula, a large bone, attached to the reslo 
the skeleton only by muscle, can be felt through the sliin n| 
(he antero-dorsal region of each side of the thorax. 

1 1 9. The division of the fore-limb into upper-ar 
or brachium (almost hidden by the skin), fore-arm 1 
antebrachium, and hand or manus, the latter provide 
with five clawed digits : of these the innermost or pre-aiil 
digit is distinguished as the thumb or pollex. 

120. The division of the hind-limb into thigh 
femur (almost hidden in the skin), shank or crus, ani 
foot or pes, the latter very long, and terminated by fwff 
clawed digits ; the innermost of these corresponds with th 
index, the true first digit or hallux being absent. 

121. In the female, the teats of the four or five pairs fl 
mammary glands are seen, about two inches apart, ffl 
either side of the middle ventral line of the body:ftl 
anterior pair is thoracic, and occurs at about the jm* 
tion of the anterior and' middle thirds of the thorax : tl> 
remaining three pairs are abdominal in position. 

XII. Fix the animal in the supine position, ; 

the ventral surface upwards ; make a longitudiiW 
incision into the skin over the sCeraum, an* ^ 
continue the cut forwards to the mandiliul*' 
symphysis and backwards to the pubic symphysis 
With the handle of a scalpel, carefully sepa 
the skin from the underlying parts 
ventral surface. Note : 

122. A thin sheet of muscle—the panniculus c^^' 
nosus, or cutaneous muscle — lying immediately bene^* 
the skin, to which it is closely attached, and covering ^ 
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whole ventral surface of the trunk and neck ; it is readily 
distinguished from the skin by containing numerous blood- 
vessels. In all probability it will be removed with the skin, 
if not, it should be dissected off separately. 

The cervical portion of the panniculus is called the platysma 
myoides : the fibres of its thoracic portion are gathered into a strong 
bundle, which becomes tendinous and is inserted into the shaft of the 
liomerus at its proximal end. 

123. In the adult female, the mammary glands, 
large, irregular, whitish masses, situated between the skin 
and the underlying muscles, and opening externally by 
the teats. 

124. The trachea, or windpipe, in the middle line of the 
neck, known by its regularly arranged cartilaginous rings ; 
it ends in front in the larynx, which is situated in the hinder 
end of the triangular space inclosed by the two rami of the 
mandible : to see these and the following structures clearly 
the cervical portion of the cutaneous muscle should be 
carefully dissected away. 

125. A median mass of muscle (mylohyoid, &c.) 
situated just anterior to the larynx and between the anterior 
ends of the mandibular rami : in it the hyoid bone is 
embedded; the posterior comua (§72) emerge from its 
hinder border and pass backwards and outwards towards 
the larynx. 

126. The submaxillary (salivary) glands, reddish, 
ovoidal bodies, about one-third inch in length, situated one 
on either side of the middle line, somewhat anterior to the 
lar3aix. 

127. The external jugular veins, large vessels, usually 
gorged with blood after death, lying one on either side of 
the trachea. 

u 
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laS. The sternum, a bony bar in the middle line of the 
chest, ending behind in a large discoidal cartilage, the 
xiphoid process. 

129. The small, incompletely ossified clavicles, pass- 
ing each from the upper extremity of the sternum to the 
corresponding shoulder. 

130. The stern o-mastoid, a long slender muscle, 
arising in conjunction with its fellow of the opposite side 
from the anterior end of the sternum, and passing obliquely 
forwards and outwards to the skullj just internal to the Ex- 
ternal jugular vein, 

131. The pectoralis major, a large muscle, covering 
the ventral wall of the thorax ; its fibres pass from the side 
of the sternum upwards and outwards to the upper ann. 

The fibresof the pectoralis major pass either directly outwards, ot, ia 
the posterior part of the niusclc, outwards and forwards, aai a* 
gathered into a strong bundle which is inserted into the deltoid lidp of 
the humerus. 

r32. The pectoralis tenuis, a thin sheet of transverse fibrei toff' 
ing the anterior part of the pectoralis major. 

133. The pectoralis minor, seen by removing the pectoralis nn^" 
and tenuiii : it is a triangular muscle arising from the sternum, Mo 1 
inserted partly into the clavicle, partly Into the scapula (see | 401]. I 

134. The ribs, largely concealed by the pectoral J 
muscles ; each consists of a bony portion (vertebral rib) J 
attached to the vertebral column, and of a cartilaginous \ 
portion {sternal rib), attached to the sternum: they are 
best seen by removal of the pectoral rausdes. 

135. The external intercostal muscles, short fibres 
filling up the interspaces between successive ribs : they arc 
very transparent in the fresh subject, allowing the pink 
lungs to be seen through them. 

136. The blood-vessels and nerves of the ami. 
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iSsing from the thorax dorsal to (beneath in the present 
lition) tlie pectoral muscles, outwards to the arm. 

137. The linea alba, a faint band of fibrous tissue, more 
opaque than the general muscular walls of the body, passing 
from the posterior extremity of the sternum to the symphysis 
pubis. 

138. The rectus abdominis, a band-like area of 
muscle lying on either side of the linea alba : its fibres run 
longituditially. 

139. The external oblique muscle, just external to the 
:ctus : its fibres run from above downwards and backwards. 

140. The intemal oblique, seen by dissecting awa.y part of the 
exlenial oblique, wlilcli it immediately nnderlies ; its Rbies rua down- 
iranJs and forwards, crossing those of the external oblique. 

141. The t rans vera alia, seen by dlai^eciing away aporlion of bith 
dternal ttod internal obhque : it lies between the latter and the perito- 
neom (g 14S), its fibres running nearly parallel to those of the external 
oblique. 

142. Poupart's ligament, a fibrous cord passing on 
each side from th^ symphysis pubis upwards and forwards 
lo the anterior part of the ilium (§ 91). 

143. The blood-vessels and nerves of the legs, 
passing from the abdominal cavity, beneatli Poupart's liga- 
ment, outwards to the leg, 

144. The abdominal viscera are seen, especially in 
FQung subjects, through the thin abdominal walls. 

XIII. Make an incision down the linea alba, from the 
xiphoid process to the symphysis pubis ; from the 
anterior extremity of this, make transverse in- 
cisions, and turn back the flaps of muscle. 
Without disturbing anything, note in the abdo- 
minal cavity thus laid open : 
:45. The peritoneum, a moist shining membrane, 
bing the whole abdominal cavity. 
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146. The diaphragm^ a thin membrane, partly niusGila^ 
partly fibrous, which forms tlie anterior wall of the cavity) 
through its transparent central portion will be seen the piidB 
lungs. 

147. The large, dark-red liver, made up of several lobe^ 
and situated immediately posterior to tJie diaphragm. 

148. The smooth-walled, bluish-white stomach, partly 
covered by the liver : its more dilated (cardiac) end is seen 
to He towards the animal' s left side. 

149. The reddish coils of the small intestine, some of 
which are seen at the anterior, others at the posterior part 
of the abdominal cavity. 

150. In about the posterior two-thirds of the cavityareseffl 
(usually) three folds of the enormous cfccum or blind gui 
known by its olive-green colour, tjie spiral constiictitHi eo* 
circling it, and the fact of its diameter being many timo 
greater than that of the small intestine. 

igi. The colon, usually situated between two foldsofi 
ciEcum, with which it is seen to be connected, and wbichil 
resembles in colour ; its diameter is less than that of ^ 
caecum, and its walls are sacculated. 

152. In the hinder end of the cavity, as well as in 
riglit anterior comer, are usually to be seen portions of 
rectum, which is of a ligjit brownish colour, and conti 
pill-like masses of black f;ecal matter. 

153. Quite at the posterior end of the cavity is seen ^' 
urinary bladder, the amount visible of which va"^^ 
greatly according to its state of distension 

154. In a male specimen the scrotal sacs, hang**^ 
down from the abdominal cavity, one on each side of *" 
penis, 

155. By turning aside the intestines, the kidneys (§§ i "'' 
196) are seen attached to the dorsal wall of the abdome''' 
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1,156. In the female Die uteri (§ 288) and ovaries (§ 291) 
e seen when the intestines are turned aside : they are in- 
conspicuous structures in youug individuals, but very obvious 
"a adults, 

XIV. Make a small aperture in one side of the 
diaphragm — say the left — and note the immediate 
collapse of the left lung. Dissect away the 
pectoral muscles, cut through all the vertebral 
ribs of the left side, except the last five, at about 
a quarter of an inch from their junction with 
the Eternal ribs ; from the posterior end of 
the incision thus made, cut downwards (/.«. to- 
wards the sternum) for about an inch, and 
then forwards, cutting through the sternal ribs : 
turn forwards the flap thus separated, and carefully 
dissect it away from the underlying tissues at its 
anterior end, so as to detach it altogetiier without 
injuring the jugular and brachial veins : proceed 
in the same way on the right side, noting that the 
right lung, like the left, does not collapse as long 
as the thoracic walls of its own side are intact. 
Note in the thoracic cavity thus laid open : 
[ 157. The small size of the thoracic as compared with 
Hie abdominal cavity ; this is usually the case in herbivorous 
animals. 

158. The heart, a dark-red, conical body in the centre of 
the thoracic cavity, and enclosed in a thin membrane, the 
pericardium : its broad base is turned forwards, its 
blunt apex points backwards and somewhat to the left 

159, The thymus gland, a soft, fat-like body, anterior 
to, and partly hiding liie base of, the heart, It is especially 
large in young animals. 
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160. The lungs, spongy bodies of a light pink col( 
situated one on either side of the heart. They will be, 
(he pressure of the air on their outer surfaces, completely 
collapsed; to see their actual shape and relations they 
should be inflated from the trachea, by making a small 
aperture in it and inserting a blowpipe. 

iGi, The pleura, a shining membrane lining the thot 
and forming a double median vertical partition — the met 
astinum — wJiich divides the thorax into right and left 
pleural cavities, in each of which a lung is contained 
the mediastium is seen ia the space between the pericardiuia 
and the sternum (see§ 22z). 

XV. Place the animal in the prone position, i.e. witli 
dorsal surface upwards, first pinning together 
reflected abdominal walls to keep the viscenia 
position : make a median incision through theskin 
from the snout to about the middle of the thoracic 
region, and dissect away the skin from the whole 
dorsal surface of the head and neck. Disstci 
away the muscle from tlie anterior region ol 
the neck and posterior region of the head, and 
find the occipito-atlantal articulation, '"' 
place where tlie skull articulates with the vertebnl 
column. Cut tlirough the occipito-atlantal 
membrane, which will be seen stretching between 
the supraoccipital and the arch of the all^' 
the anterior end of the Spinal cord will 1^' 
seen, arched over in front of the space hy '^^ 
occipital bone, behind by the atlas vertebra. In- 
sert the point of a pair of bone-forceps or stroi'S 
scissors between the cord and the bone, and cu' 
away the arch of the atlas : do the same with li"^ 
arches of the two or three succeeding vertebrA 
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until a small portion of the cord is exposed ; then, 
inserting the forceps between the medulla ob- 
longata and the occipital bone, remove the roof 
of the skull and expose the brain. Great care 
will be required to do this without injuring the 
brain, especially in the region just internal to 
the external auditory opening, where a lobe of 
the cerebellum (see § 477) will be found embedded 
in a deep pit of the skull wall. Note as you 
proceed ; 

162. The dura mater, a tough fibrous membrane lining 
the cranial and spinal cavities : it is continued inwards 
between the cerebral hemispheres (§ 480) as the falx 
cerebri, and between the cerebrum and cerebellum as 
the tentorium : it is sometimes torn away with the 
fragments of bone, sometimes left adhering to the brain : 
in the latter case it is advisable to dissect it away from 
the dorsal surface of the organ before attempting its 
removal. 

163. The pia mater, a delicate shining membrane closely 
investing the brain and cord, and abundantly supplied with 
blood-vessels. 

164. As in the Pigeon (p. 221, § XXV.), the brain com- 
pletely fills the skull cavity, the space between the dura 
mater and pia mater being reduced to a minimum. 

XVI. Cut through the spinal cord about a quarter of 
an inch beyond its junction with the brain : care- 
fully lever up the brain with the handle of a scalpel, 
and cut through all the nerves proceeding from it, 
working from behind forwards : dissect away the 
olfactory lobes (§ 483) from their attachments. 
Remove the whole brain and place it in alcohol, 
or, better, in saturated solution of zinc chloride. 
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for a day or two, and then, after removal of 
pia mater, in strong alcohol (see note, p. 46). 
XVn. Place the animal again in the supine position 
and make out in the abdominal cavity, withta 
cutting or tearing anything 1 

165. The characters of the liver: its convex anterio 
surface applied to the diaphragm, its concave posierks 
surface against which the stomach fits, its attached dom 
and free ventral borders. The dorsal border is attached bjt 
thin sheet of peritoneum, the coronary ligament, lolhe 
dorsal part of the posterior surface of the diaphragm : t 
median vertical sheet of peritoneum, the suspensory 
ligament, connects the anterior surface of the liver w 
the posterior surface of the diaphragm. This latter ligamt 
divides the liver into a right and left segment; enM, 
segment is again divided into lobes, of ivhich there are,tf 
the right side, the ventral right central lobe (Fig. 6 
p. 301, r.c), and the dorsal caudate lobe (cau) dose^ 
applied to the right kidney ; and on the left side, Hfi 
ventral left central lobe {U), the dorsal left lateral' 
lobe (/,/) fitting against the left anterior region of ll* 
stomach, and the small Spigelian lobe {sj>g), fitting closd) 
into the lesser curvature (see g 168) of the stomach. ^^ 

166, The gall bladder, a green pyriforra sac, embedd<K 
in the right central lobe of the liver. 

167. The cesophagus, or gullet, a narrow tube e 
ing from tlie thorax through an aperture in the diaphragll 
dorsal to the liver, and entering the stomacli. 

1 68, The Stomach, divided into a large cardiac porM 
to the animal's left, and a smaller pyloric portion 10 i 
right side; its posterior greater curvature, and anteri 
lesser curvature ; the cardia or entrance of the c 
phagus towards the left of the lesser curvature, and ■ 
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great cardiac dilatation of the stomach to the left of 
this point ; the pylorus, ot place of exit of the duodenum 
(§ ^73\ ^t ^^^ pyloric end ; and the antrum pylori, a 
somewhat dilated and thickened portion of the stomach, 
immediately to the left of the pylorus. 

169. The gastro -hepatic omentum, a sheet of peri- 
toneum connecting the posterior surface of the liver with 
the lesser curvature of the stomach, and covering the 
Spigelian lobe. It is continuous, towards tJie right side, 
with the duodeno-hepatic omentum, which connects 
the surface of the liver with the proximal end of the 
duodenum (g 173). 

170. The mesogaster, or sheet of peritoneum connecting 
the stomach with the dorsal wall of the abdominal cavity. 

171. The great omentum, a double fold of peritoneum, 
connected with the greater curvature of the stomach, and 
usually loaded with fat. 

172. The spleen, a long, flat body of a dark red colour, 
attached to the cardiac dilatation of the stomach by a sheet 
of peritoneum, the gastro-splenic omentum. 

173. The duodenum, or portion of the small intestine 
immediately succeeding the stomach ; it forms a long 
U-shaped loop, not bound up with the rest of the small 
intestine, but closely connected with a portion of the 
rectum. 

174. The arrangement of ihe remainder of the intestine : 
the ctecum with the greater part of the colon and part of the 
rectum are bound together by a single fold of peritoneum, 
the mesentery, which also suspends them to the dorsal 
wall of the abdomen : the greater part of the ileum, or 
portion of small intestine intervening between the duodenum 
and the crecum, is supported by a separate fold of mesentery, 

175. The connection of the lower end of the rectum 
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peritoneum, tUfl 



to the dorsal body-wall by a sheet of peritoneum, 
me sorectum. 

176. The passage of the ileum into the proximal end of 
the cjecum, aad the exit of the colon from the same. 

177. The termination of the distal or blind extremity of 
the cEGcum in a finger-like, thick- walled process, about three 
inches long, the appendix vermifonnis. 

178. The passage of the rectum posteriorly into the pelvic 
cavity, between the bladder and tlie vertebral column, lo 
open externally by the anus. 

179. The reflections of the peritoneum : its parie- 
tal layer, or lining of the abdomen, on reaching the middle 
dorsal line is reflected ventralwards, forming the various 
subdivisions of the mesentery— mesentery proper, meso- 
gaster, mesorectum, &c. — which thus consists of two closely 
applied layers, one continuous with the parietal layer of ihe 
right, the other with that of the left, side : on reaching the 
alimentary canal the two layers diverge again and invest il, 
forming the visceral layer or peritoneal investment of the 
alimentary canal. 

XVIII. Turn over the stomach and intestines to iti* 
animal's right side, and make out : 

180. The postcaval vein, or inferior vena cava' 

' A rabbit is best injected for anatomical purpoires nith plasUl m 
Paris {see p. 48, note). Kill the animal with chloroform or poI»J« 
cyanide : as soon as it is dead, open the thorax by cutting ihrougli ^ 
sternal ribs of both sides, sul^ciently far from the middle line out 1^ 
injure the mammary arteries (§ 250), cutting acmss the posterior ™J 
of the sternum and turning it forH-ards : slit open the pericardium, >™ 
make a large incision, by a single cut of the scissors, in ench Tentrid' ■ 
all this should be done very rapidly, if possible before the heart 1"= 
ceased to beat, as it is desirable lo get rid of as much blood as possible' 
pass a ligature round the aorta clore to its exit from the heart, and gi*' 
it 1 single loose tie : when the bleeding has ceased, sponge the blooi 
from the heart, and pick onl any clots which may have formed in tht 
left ventricle : pass a cannula through the incision in the left vcniride 
into the aorta, tighten Che ligaiure and knot it firmly. By this operadon 
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(Fig. 6i,ptc)y 2l large vessel, usually gorged with dark blood 
after death, passing from the pelvis forwards along the ventral 
aspect of the backbone, through a notch in the liver, to the 
diaphragm, 

181. The aorta (Figs. 60 and 61, d.ao), a smaller vessel 
than the postcaval bat with thicker walls, of a pinkish 
colour, and usually containing comparatively little blood after 
death ; it runs partly behind, partly alongside, the postcaval. 

182. The cceliac artery {coe.a), given off from the aorta 
about an inch posterior to the diaphragm, and supplying the 
stomach, liver, spleen, and proximal parts of the duodenum 
(see § 198). 

183. The anterior mesenteric artery {a,m,a\ arising 
from the aorta about half or three-quarters of an inch 
posterior to the cceliac : it supplies the greater part of both 
small and large intestine. 

184. The cceliac ganglion, a soft, pinkish-white mass of irregular 
form, situated jurt anterior to the origin of the anterior mesenteric 
artery : it is connected by nerves to the mesenteric ganglion, which 
lies immediately posterior to the artery. 

185. The splanchnic nerve, emerging from beneath the diaphragm 
and passing backwards across the aorta to join the coeliac ganglion : it is 
a branch of the sympathetic (§ 239). 

186. The gastric branch of the vagus, a small nerve taking a 
somewhat spiral course round the gullet to the stomach : branches from 
it join the coeliac ganglion. 

187. The left kidney, a brownish-red body of character- 
istic shape, just posterior to the anterior mesenteric artery, 

the whole of the systemic arteries are injected : the pulmonary arteries 
may be filled by proceeding similarly on the right side. The portal 
vein is readily injected from its branch to the caudate lobe (Fig. 60, cau,), 
the cannula being directed towards the main trunk. The injection of 
the systemic veins is more difficult : the precavals can be filled from the 
external jugular, the postcaval from the external iliac, the cannula, in 
both cases, being directed tovsards the heart. 



and connected by the renal artery and vein with the aort 
and inferior cava respectively (see §§ 253 and 254). 

188. The left ureter, a delicate white tube, passing fr 
the inner edge of the kidney backwards and inwards towaid 
the pelvis : its exact relations will be studied later (§ 162). 

189. The left adrenal or suprarenal body, a smal 
rounded, yellowish body, placed immediately anterior to cb 
origin of the renal artery and vein. 

190. In the female the left uterus, Fallopian tubt^ 
and ovary are now displayed, but are best studied at a la 
stage {§§ 288-291). 

191. The posterior mesenteric artery {p.m.a), l 
small vessel leaving the aorta a short distance posterior » 
the left kidney and branching out in the mesoreclum to 
supply the rectum. 

192. The postenor mesenteric vein (Fig. (io,p.m.v\. 
a small vessel in the mesorectam formed by the union of 
branches parallel with those of the arteryof the same name: 
it passes directly forwards to join the anterior mesentene 
vein (§ 193). 

XIX. Turn the intestines over to the animal's left siite 
and spread out the duodenum, putting its n 
tery slightly on the stretch, but takmg care nol W 
rupture it {see Fig. 60), Note : 

193. The anterior mesenteric vein {m.v), a IWj* 
vessel usually gorged with blood after death, lying in t^ 
duodenal mesejitery and receiving veins from the vario" 
coils of the intestine ; it is the chief factor of the port 
vein (§ 199). 

194. The pancreas {Jin), not forming a solid mass,!) 
consisting of a number of small lobules, looking not unWK 
fat, spread all over the duodenal mesentery. 

195. The pancreatic duct (^«.(?), ashort delicate tul 
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The gullet {as) is cnt through and the aloraach somewhat displaced 
backwards tn show Ihe rainilicnions of the cceliac artery (ca.a) : tlie 
duodenum {Ju) is spread out to the right of the subject to show ihc 
pancreas (/n) : the branche; of the bile-duct {c,i.d), portal vein (/.<■), 
and hepatic artery {i.a), are supposed to be traced a short distance ioto 
the various lobes of the liver. 

a.m.a, anterior mesenteric artery : eau, caudate lobe of Lver, wilb 
its artery, vein, and bile-duct : c.b.d, common bile-dact i cdM, canHar 
portion of stomach : e.U.a, common iliac artery: irii.a, coeliac uleiT : 
ey.a, cystic artery : ^.d, cystic duct : d.ao, dorsal aorta : du, proximii, 
and i/j^, distal, limbs of duodcnom: du.a, duodenal artery: duA' 
(in A), duodeno-hepatic artery : g.a, gastric artery and vein : g.b, gili 
bladder: A.o, hepatic artery: Ji.d, left bile-duct : /.e, left centrd lolicof 
Lver, with its artery, vein, and bile-duct: l.ff.v, IJeno-gaslric veia: 
/./, lelt lateral lobe of liver, with its artery, vein, and bile-duct: mi, 
Jiranch of mesenteric artery and vein to duodenum : ms.r, mesorectum : 
m.v, chief mesenteric vein : as, cesopha^us :p.m.a, posterior mesenteric 
artery: p.mju, posterior mesenteric Tein;/«, pancreas : jSn.rf, pan- 
creatic duct : f.-D, portal vein: : fy.sl, pyloric portion of stomadi : rci, 
rectum i r.c, right central lobe of liver, with its artery, vein, and bile- 
duct : sfg. Spigelian lobe of liver, with its artery, vein, kA bih- 
duct: j;^/, spleen ! sp.a, splenic artery, 

opening into the ascending or distal limb of the duodenal 
loop, an inch or so beyond its junction 'with the descending 
or proximal limb j the duct will be seen to branch out into 
a number of fine tubes which pass to the lobules of ilie 
gland. 

igfi. The right kidney, situated about an inch farther 

forward than the left kidney, and having its anterior porliou 

partly covered by the caudate lobe of the liver ; the right 

adrenal is in contact with its inner border, imroediately 

anterior to the right renal artery and vein, and the riuht 

ureter passes from its inner edge backwards to the pehis- 

XX. Turn the intestines into their natural position 

again ; tie a double ligature round the gullet close 

to the diaphragm and cut it between the ligatures; 

draw the stomach backwards, turn forward the 

lobes of the liver, and dissect out the following 

structures (see Fig. 60) ; 
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197. The common bile-duct {c.i:.d), a delicate trans- 

■ parent tube containing greenish bile, entering the duodenum 

just beyond the pylorus, and receiving hepatic ducts 

from the various lobes of the liver and a cystic duct from 

the gall bladder. 

Calling the various hepatic ducts by the same oflmes as the lobes from 
which they spring, the arrangeinenl of the whole series of biliary ducts 
is as follows ;— The cystic duct (ff .lO unites with the right central 
duct to form a right bile-duct : the left central aiul left lateral 
ducts similarly nnile to form a left bile-duct (4,,/) : the right and 
left bile-ducts unite to form the common bile-duct [c.b.d), which, 
about half way tietween its commencement and its termination in the 
dnodenum, receives the posterior bile-duct formed by the union nf 
caudate and Spigelian ducts. Tliey are bef,t demonstrated by 
injection from the duodenal aperture, 

198, Thebranches of the cceliac artery (§ 182); shorlly after itaorigin 
from the aorta it sends off to the left the splenic artery {sfi-a), which 
passes to the dorsal side of the cardiac divisi^jn of the slomach, supply- 
ing the latter as well as the spleen : soon after giving off the splenic 
artery the cceliac divides into tbree : of these the middle one, which 
continues the direction of the cceliac, is the hepatic artery (h.a) ; it 
sends branches to the leaser curvature of the stomach, and then turns 
forwards and sends a twig to each lobe of the liver, and a cystic 
artery {cy.a) to the gall bladder 1 coming olT to the right of the hepatic 
is the duodenal artery [du.a), which supplies the pylorus and the 
proximal part of the duodenum : coming off to the left of the hepatic 
is the gastric artery [g.a), by which the main part of the stomach is 
supplied. 

199. The portal vein (p.v), a large, thin-walled vessel, 
usually gorged with blood, situated dorsal to (beneath in the 
present position of tlffi parts) the artery and duct. Anteriorly 
it passes into and breaks up in the liver, sending a branch to 
each of the lobes; posteriorly it is constituted by the mesen- 
teric vein (§ 193, M.w) towards the animal's right side, and the 
lieno-gastric vein {l.g-v), which brings the blood from the 
stomach and spleen towards the left. 

300, The ramifications of the branches of the cteliac 
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and mesenteric arteries, and of the tributaries of the portil 
vein in the mesentery and on the walls of the intestine: 
in nearly every case an artery and a vein run side hy side, 
the vein being easily distinguishable from the artery by ils 
greater diameter and thinner walls, and by retaining its 
blood after death. 

zoi. The lacteals, delicate, Iransparentjcolourless vessels 
in the mesentery, running more or less parallel 
arteries and veins. 

XXI. Pass double ligatures round the rectum just 

anterior to the pelvic cavity, and round the portsl 

vein just before it enters the liver (the hepaticartoy 

and bile-duct may be included in the last ligt 

ture). Cut the rectum and vein between ilw 

ligalurss, cut through the mesenteric attachnienli 

of the stomach and intestines, and remove ihOT 

from the body. Unravel the intestine by cutting 

or tearing the mesentery, and make out : 

3Q2. The relationsofthevariousdivisions of the intestine! 

the duodenum passes insensibly into the ileum : the ileunl 

at its posterior end enters an ovoidaJ sac with glandular wallsi 

the sacculus rotundus, which marks the junction between 

ileum, colon, and cacum ; the caecum preserves a tolerably 

imiform diameter for the greater part of its length, finally 

narrowing suddenly to form the appendix vermiformis ; lb* 

first portion of the colon passes insensibly into the csecun 

of which it appears to form the proximal part ; about one tc 

two inches from the sacculus rotundus it suddenly narrow! 

and takes on its characteristic sacculations, at the sami 

time making a sharp bend so as to run almost parallel 

former course : the transition between the colon and 

is also very gradual, the sacculations of the former becoi 

fainter and fainter. 
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203. The length of the intestine as a whole : it is usually 
about 15 or 16 times that of the animal to which it belongs. 
The lengths of its five divisions, duodenum, ileum, caecum, 
colon, and rectum. 

204. The sacculations of the colon occur in three longitudinal rows, 
separated by three muscular bands, or taeniae coli, which pass, at 
equal distances from one another, along the whole length of the colon. 

205. The Peyer's patches, masses of lymphoid tissue occurring in the 
form of thickened areas on the walls of the intestine : those on the ileum 
are oval and about half an inch long : on the wide portion of the colon, 
close to the sacculus rotundus is a larger patch about three-quarters 
of an inch in diameter : the sacculus rotundus itself and the appendix 
vermiformis are in reality large Foyer's patches. 

XXII. Cut open the stomach, and parts of the small intestine, 
colon, rectum, caecum, and appendix vermiformis : in another 
specimen remove the caecum with a small portion of the ileum 
and colon, dear out its contents by directing a stream of water 
through it, and either distend with air and dry, or, better, 
distend with a 0*5 per cent solution of chromic acid and place 
in a vessel of the same fluid until hardened : in either case cut 
apertures in various parts so as to see the interior. Note the 
following points in the internal structure of the alimentary 
canal : 

206. The three coats of the stomach : the outer peritoneal invest- 
ment, the middle muscular layer, and the inner layer of mucous 
membrane • the great thickness of the muscular layer in the antrum 
pylori : the slightly different character of the mucous membrane in the 
cardiac and pyloric regions : the irregularly longitudinal rugae into which 
the mucous membrane is raised. 

207. The thick projecting rim, or pyloric valve between the stomach 
and duodenum. 

208. The prominent aperture of the bile-duct in the duodenum 
just beyond the pylorus. 

209. The three coats of the intestines : much thinner, for the most 
part, than those of the stomach. 

2JO. The irregular transverse ridges or valvulae conniventes of the 
mucous membrane of the small intestine : the minute conical projections 
or villi which beset these : the latter can only be seen to advantage by 
examining underwater. 

X 
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211. The raunded aperture between the Eacculus rotnndus snd lEt | 
colon, its miirgin5 forming the Deo-colic valve. 

212. The Epiralvalvc of the czecum, a narrawspiral band ptojedii? I 
into the cavity of the blind gut and corresponding with the eitenial I 
marking. I 

213. The intra-coUc valve, a prominent fold occurring at the beol I 
between the two portions of the colon. 

214. The thick glandulaj wnJls of the appendix vennifono 
sacculus rotundus! the verj thin walls of tlie ca;cutn JLiclf, anil li^ 
minute papillary elcvationE with which its inner surface and thutoltln: 
spiral valvt are beset. 

315. The absence of villi in the large intestine : the papillary surface 
of the mucous membiane of the colon, the smooth character of that of 



XXIII. Tie the postcaval vein at the points where it 
enters and leaves the liver : remove the whole o( 
the liver, with the exception of the part whicb 
surrounds the postcaval. Note : 

2 1 6. The transparent, shining central tendon of it^^ 
diaphragm, and the muscular fibres which radiate fraro 
it to the body walls, and are collected dorsally into 
two strong bands of muscle, the pillars of the dia- 
phragm, which pass backwards to dieir origin from ihe 
anterior lumbar vertebne. 

217. The aorta, passing from the abdominal cavity for- 
wards between the pillars of the diaphragm. 

2 1 8. The CESOphagus, passing through an aperture in the 
dorsal region of the central tendon. 

219. The postcaval, passing through an aperture 
situated to the right and ventrnl of that for the gullet 

22D. The three hepatic veins (Fig. 61, h.r), by which 
the blood is taken from the liver to the postcaval : they af^ 
best seen by slitting up the intra-hepatic part of that vflD * 
two of them enter the postcaval immediately posterior f 
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the point .-Lt 



; diaphragm, the third 
jstcaval enters the liver. 

21. The poBterior phrenic veins {I'.JiA) taking the blood from the 
Wominal surface of the diaphragm to the postcaval. 

XXIV. Cut away enough of the ribs on one or both 
sides to get a good view of the interior of the 
thorax, and make out : 
121. The relations of the pleurae: the outer or parietal 
byer of each lines its own half of the thorax, to the walls of 
Ithich it adheres closely (§ i6i) : the adjacent or inner faces 
*of the two parietal layers form a double median vertical 
partition, the mediastinum : thi; mediastinal space 
included between the two layers of this partition is largely 
occupied by the heart and its surrounding pericardium, and is 
thus practically obliterated in the greater part of its extent : it 
is, however, readily made out in the interval between the heart 

I^d the sternum, where it is called the ventral (anterior) 
mediastinal space : at the entrance of the bronchi each 
Ueura is reflected over the corresponding lung, forming the 
Bbin, closely adherent visceral layer. 
I XXV. Cut through the posterior end of the sternum : 
I separate the mediastinum from the dorsal surface 

I of the bone and turn it forwards ; open the 

I pericardium by a longitudinal incision, and make 

OUtT 
223. The relations of the pericardium : its outer or 
parietal layer forms a loose bag investing the heart, and, 
at the origins of the great vessels (g§ 229-232 and 237), 
reflected on to the surface of the heart, forming the thin, 
closely adherent visceral layer : in the space included 
between the two layers is contained a small quantity of 
colourless pericardial fluid. 
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XXVI. Dissect away the pericardium, the thymus gland, 
and any fat about the base of the heart which may 
obscure the vessels coining bom it. Follow out 
these vessels to the head and anterior exuemities 
by clearing away the muscle, connective tissual 
fat, &c., by which they are surrounded. Also 
clean the aorta (§ 237) and postcaval, and follow 
out their branches into the posterior extremities, 
taking care not to injure the ureters (5 :ii)i 
and the vasa deferentia (§ 267) or uteri (5 288). I 
Make out : I 

134. The left ventricle {Fig. 61, Iv), which forms the I 

whole apex of the heart : it is lighter in colour than th*; | 

rest of the organ and harder to the touch. 

225. The right ventricle (r.z'), divided by an obliqi** 

depression from the left -ventricle: it is darker in coloti' 

than the left and softer to the touch. 
326. The right and left auricles {r.au, l.au), situate*^ 

above (anterior to) the corresponding ventricles ; they if^ 

small, dark, thin-walled chambers, slightly overlapping tl»^^ 

bases of the ventricles. 

227. The ramifications of the coronary artery an*^ 
vein over the surface of the ventricles, 

228. The bifurcation of the trachea, at about the leveled 
the base of the heart, to form the two bronchi, one C^* 
which passes to each lung. 

229. The pulmonary artery {/.(j), proceeding fromtl*^ 
cone-like anterior prolongation of the right ventricle, an ^-^ 
passing forwards and to the left ; it soon divides into a rigl"* 
and a left trunk, one of which passes to each lung. 

230. The pulmonary veins {p.v), returning the blo»-*^ 
from the lung to the left auricle. They are best seen H ^ 
later stage (see § 306). 
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The apex of the heart ia somewhat displaced towards the Icfl o! tk 
subject : the arteries of the rig^ht and the veins of the left side art in 
great measure removed. 

a.ae, irch of the aorta : a.f/ig, internal mammary artei? : ii._^anlai« 
facial vein : a.ni, antenar mesenteric artery : a.j^, aaterior phtciuc 
vein : at.v, azygos vein : ir, brachial arteiy : i:.ii.a, conunoa illii 
artery: c.il.v, common iliac vein: or, ccElinc artery: rf.flff, doiul 
aorta : r.e, external carotid artery : tj'l.a, external iliac arteiy : iM.v, 
external iliac vein : e.j'u, eztemal jug;ular vein : /m.a, femoral utcr} : 
fm.v, femoral vein : h.v, hepatic vdns; i.c, internal carotid artery ; i'."i 
intercostal vessels: i.iLa, mtemal iliac artery: i.U.v, internal iliu 
vein : 1.^, internal jngular vein : i./, ilio-lnmhac artery and vein ; ri| 
innominate artery : /.au, left auricle : /.f.i', left common carotid Brtcry^ 
l.pre, left precaval vein : l.ii, left ventricle : m.se, median sacral arle')' '■ 
p.a, pulmonary artery : p-epg, epigastric artery and vein \p.f, posttnoi 
facia] vein : p.m, posterior mesenteric artery •■ p.ph, posterior ptircnlc 
veins : flc, posfcaral vtaa : p.v, pulmonary vein : r, renal artery anJ 
vein: r.au, right auricle; r.a, right common carotid artery : './"r, 
right precaval vein : r.v, right ventricle : scl.a, subclaviau arlery:Ji/.''i 
SMclavian vein : spm, spermatic artery and vein ; s.vs, superior vesittl 
arteiy and vein : ul, uterine artery and vein : iir, vertebral arteiy< 

331. The two precaval veins, or venee cavae supt 
riores {r.prc, l.prc), passing from the anterior end of llis 
thorax towards tlie base of the heart : each is formed b)f 
the union of the subclavian vein (td.v), from ite 
corresponding arm, and the external jugular vein 
{e.ju) already noticed (§ 1=;) from the head ; the right pre- 
caval is seen at once to enter the right auricle : the lef^ 
trunk is seen, on hfting up the heart, to curve round tli^ 
dorsal side of the base of that organ, and enter the sam^ 
chamber. Sometimes the two external jugular veins unit^ 
with one another by a transverse connecting trunk in ll»^ 
posterior region of the neck. 

The extemj.! jugular is constitated anteriorly Ijy the anterior fici^*- 
vein(3.A which runs ju5twitliin the ramus of the mandible, and lt»* 
posterior facial vein, \p.f), coming from ihe external ear ; near itsjoi'*^' 
tion with the subclavian, it receives the internal jugular vein {^i.j*^' 
which runs close alongside the trachea, and receives the blood from It>^ 
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I 232. The thoracic portion of the postcaval vein {pic), 
ssing forwards from the diaphragm to the right auricle. 

233. The anterior phrenic veia (a.ph), passing forwards from the 
diaphragm, alongside the postcaval, and ponring its coutents into the 
light precaval. 

234. The cesophagus, or gullet, passing from the 
iterior boundary of the thorax, dorsal to the trachea and 
itween the lungs, backwards to its aperture in the 

diaphragm. 

235. The paired phrenic nerves, passing from the 
anterior boundary of the thorax backwards to the diaphragm, 
which they supply : the right nerve runs alongside the right 
precaval, across the right auricle and along the postcaval, 
the left nerve runs along the left precaval and then passes 

:t internal to the left lung. 

Traced forwards, the phrenic is found to take its origin from the sixth 
■vical nerve : if followed bej^ond the thorax, it should be left uolil the 
nerves of Ihe neck (g§ 344-246) are dissected. 

236. The thoracic portions of the Yagi (see g 186 and 244) : the right 
yagus enters the thorax to the right of the trachea along which it runs, 
thence pitssing 011 to the gullet and so through the diaphri^ni lo the 
stomach : the left nerve ruiis at first parallel to the left precaval, 
iinally also reaching the gullet, along which both nerves take a spiral 



Kci 
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237, The aorta (ao), a lai^e, elastic, thick-walled vessel, 
of a whitish colour, proceeding froni the base of the heart 
behind the pulmonary artery ; it rises clear of the heart, then 
bends over to the left side, forming the arch of the 
aorta {a.ao), and passes backwards, arching over the left 
bronchus {§ 228) to reach the ventral face of the spinal 
column, along whicli it passes as llie dorsal aorta {d.ao) 
throughout the whole length of the tliorax and abdomen, 
dividing at last into the two common iliac arteries 
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{cALtty § 258) which pass backwards and outwards to the 
hind legs. The aorta is united to the pulmonary artery 
by a short ligament, the remains of the embryonic ductus 
arteriosus. 

238. The thoracic duct, or main trunk of the lymphatic system : a 
slender, thin-walled tube, lying to the dorsal side of the aorta, and 
pouring its contents into the left subclavian vein at its junction with 
the left external jugular : it is best seen by pulling the thoracic aorta, 
somewhat to the right. 

239. The thoracic portion of the sympathetic nerves, 
slender white cords, lying one on each side of the aorta, 
and having at intervals ganglia, which lie on the heads of 
the ribs; each is continued backwards into the abdomen 
(§ 185) and forwards into the head (§ 245). 

240. The azygos or (right) cardinal vein {az,v\ best 
seen by turning the heart and lungs over to the left side : it 
lies immediately to the right of the thoracic aorta, receiving 
the intercostal veins (i,cs) from the spaces between the 
seven posterior ribs : anteriorly it pours its contents into 
the right precaval. The blood from the five anterior inter- 
costal spaces is returned, on each side, into an anterior 
intercostal vein which enters the corresponding pre- 
caval. 

241. The innominate artery (in)^ springing from the 
arch of the aorta towards its right side ; it gives off at its 
origin the left common carotid artery (Jx.q and then, 
passing forward, divides into the right common carotid 
(r,c,c) and right subclavian {s.cLa), 

242. The left subclavian artery, taking its origin 
from the left side of the arch of the aorta. 

243. The course of the common carotid arteries : 
each passes up the side of the neck, external to the trachea 
and internal to the external jugular, gives off branches to 
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t laiynx, and, at about the levei of the anterior end of 
e larynx, divides into the internal carotid (i.c), which 
passes dorsalwards to reach the brain, and the external 
carotid (s.c), which supplies the greater part of the head ; 
the internal carotid may be recognised as being the first 
important branch given off from the outer side of the 
common carotid: the external carotid divides almost 
immediately into branches ior the jaws, eye, &c. 

244. The cervical portion of the vagus, a nerve running 
to the outer side of each comnaon carotid. 



Traced backwards, the right vagus is seen to pass across (veiilral to) 
the right subclavian artery, the left across the arch of the aorta, to 
enter the thorax, where they have already been seen (§ 236). 

245. The cervical portion of the sympathetic, seen by lifting up 
Ihe carotid and carehilly separating it from thu vagus : it is a flat pale 
nerve lying immediate]y dorsal to the artery : traced backwards, it 
enlarges at about the level of the first rib into the posterior cervical 
ganglion, and thus enters the thorax, where it has already been seen. 

246. Traced forwards, the sympathetic is seen to enlarge, at a level 
just miterior to the larynx, into the anterior cervical ganglion, im- 
mediately external to which is a. similar enlargement of the vagus, the 
ganglion of the root ; crossing both nerves and the carotid atteiy at 
about the same level, but obliquely from behind forwards and inwards, 
is Ihe slender tendon of the digastric muscle, and imraediately 
behind and parallel to this the hypoglossal nerve. 

247. The thyroid gland, a brownish mass, consisting 
of two lobes applied to the sides of the larynx, and con- 
nected across the ventral face of the latter by a band-like 
intermediate portion. 

248. The large thyroid cartilage, forming the anterior 
part of the larynx, and the ring-like cricoid cartilage, 
forming its posterior part. 

249. The submaxillary gland has been already seen ; its duct 
(Wharton's duct) is a very fine tube proceeding from its inner face to 

Q the floor of the mouth. 
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250. The course of the subclavian arteries: eacli, 
soon after its origin, divides into the vertebral artery (vrji 
which dives inwards, and then passes forwards through the 
vertebrarterial canal of the cervical vertebrae (§ 54), to 
supply the brain and spinal cord ; and the brachial artery 
{ir}, which passes directly outwards, and sends branches 
to the fore-limb and shoulder-girdle, giving off also the 
internal mammary artery {a.epg), a siaall vessel which 
runs backwards over the inner face of the wall of the 
thorax just external to the sternum. ' 

251. The thoracic arteries, small vessels eiven off in pairs (mo , 
the thoracic anrta, and supplying the seven posterior intercostal spaco. 
The five anterior intercostal spaces are supplied bj a branch of Itn 
internal mammary. 

252. The phrenic artenea, arising iirom the aorta and suppljiof 
the diaphragm. 

253. The renal arteries {r), of which the right comes 
off almost immediately posterior to the anterior mesenteric 
(§ 183), and the left about half an inch posterior to the 
right ; each passes immediately to the hilus (§ 261) of ti^ 
corresponding kidney, 

254. The renal veins (r), each of which nms parallel 
and just posterior to the corresponding renal aiteryi 
receives a large vein from the dorsal wall of the abdomeiv 
and pours its contents into the postcaval. 

255. The lumbar arteries and veins, small vessels supplTingd 
dorsal walls of the abdomen, and springing from the a 
caval respectively. 

256. The spermatic arteries and veins {spm\ t 
their origin somewhat posteriorly to the posterior mesentJ 
artery, from the aorta and postcaval respectively, and pi 
to the testes (§§ 266 and 268), or ovaries (§ 291). 

aS7- The median sacral artery (m./c), a small Inink a. 
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^dorsal side of the aorta, and passii^ backwards ta the pelvis; it 
1 tlie caudal continuation of the aorta {aae pp. 67, 115, 

fc). 

I258. The common iliac arteries (c.il.a), formed by 
; bifurcation of the aorta ; each gives off soon after its 
origin the ilio-lumbar artery {i.l) to the posterior part 
of the dorsal abdominal walls, and then almost immediately 
divides into the internal iliac (I'.il.a), which passes along 
the dorsal wall of the pelvic cavity, and the external iliac 
(e-t'/.a), which gives otf an artery to the bladder and uterus, 
and then, passing beneath Poupart's ligament, becomes the 
femoral artery (f>/i.a), and supplies the kg. Immediately 
external to Poiipart's ligament the femoral gives oif the 
posterior epigastric artery {p.epg), which is distributed 
to the ventral abdominal walls. 

259. The ilio-lumbar veins (/,/), large vessels which 
enter the postcaval just anterior to the bifurcation of the 

In some cases the left ilio-lumbar instead of directly entering the 
postcaval, turns fonvards, runs parallel to the latter, receives the !elt 
spennatic, and euters the postcaval a little posterior to the entrance of 
the left renal. 

■60. The trifurcation of the inferior cava at its posterior 
id into the two outwardly directed external iliac veins 
f.t'), and the median, backwardly dhected common iliac 
{cM.v). The external iltacs, like the corresponding 
;eries to which they are parallel, are the intra-abdominal 
portions of the femoral veins {j'm.v), by which the blood 
is returned from the legs ; thuy also receive the blood from 
the bladder and uterus : the posterior epigastric veins 
open into the femorals immediately external to 
lupart's ligament. The common iliac is formed by the 
lion of the two internal iliac veins {i.il.v), which run 



^jnd 
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parallel and internal to the corresponding arteries 
the doisal wall of the pelvis. 

XXVII. Carefully dissect away the peritoneum from the 

kidneys, ureters, and genital organs, already noticed, 

as well as the fat which usually obscures them- 

Make out : 

z6i. The kidneys, compact red bodies of characteristic 

shape, lying one on either side of the lumbar region, the 

right considerably in front of the left. Each has on h 

inner edge a depression or hilus, and is covered bj 

peritoneum on its ventral side only. 

z6a. The ureter (Fig. 62, A and B ur) a long whitetube 
springing from the hilus, about one-eighth of an inch in 
diameter in its upper part, but rapidly getting nanowei; 
the two ureters pass somewhat inwards towards the middle 
line, and then backwards almost parallel with one another, 
and enter 

263. The bladder (&/), a pyriform sac, which may vaiy 
greatly in size and appearance, according to its state of 
distension; when full, it projects some distance into the 
abdominal cavity, and its walls appear very thin and sho» 
the bright yellow urine through them ; when empty it hardly 
appears above the pubes, and its walls appear thick and 
opaque : it may be inflated from the urethra (§ 153). The 
ureters enter it about half way (in the collapsed condition) 
between its broad anterior end, or fundus, and its Danot 
neck. 

264. The adrenals, or suprarenal bodies, small, 
ye Ho wish -white bodies, of which the right is close to the 
conesponding kidney, while the left lies in the anterior angle 
between the aorta and renal artery. 

In the Male. 

265. The penis {A, c.c, c.s, g.p), projecting backwards 
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THE RABBIT. 317 

from the posterior edge of the symphysis pubis, and enclosed 
iu a loose fold of skin, the prepuce: it is strengthened 




IG. 6z. — LepuB cuniculus. The urinogenital □i^od 
lale, B, of the fenmle, fi-om the left side (4 nat. size), 
- .le kidneys aad proximal ends of the ureters, and in B the ovaries, 
Fallopian Lui>u9, ajid oleri, are not shown. 

an, anus : W, urinary bladder : c.c, corpus cavemosum : c.s, corpus 
spongiosum : c.gi, Cowper's gland : g.^r, glass clitoridis : g.fi, );tans 
penis : ^.g/, perineal gland : fi.gi', aperture of its duct on the perineal 
space : fir, anterior, fir', posterior, and fir", lateral, lobes of proslale ; 
M, rectum : r.gl, rectal gland ; tt.g.a, urinogenital aperture : ti.m, 
nteros mosculinus : ur, ureter ; va, vagina : vi, vestibule : v.d, vas 
deferens. 



ventrally by tJie two hard, closely applied corpora 
cavernosa {c.c), which, at the proximal end of the organ, 
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diverge, forming the crura penis, and are attached to the 
ischia : dorsally it is soil aiid yielding, consisting only of 
the thin vascular corpus spongiosum (f.j.see § 279): its 
free end is formed by a soft conical body, the glans penis I 
(g./'), which projects beyond the prepuce, and bears the slit- ] 
like aperture {u.g.a) of the urethra, a canal traversing the 
penis. 

266. The scrotal sacs, situated one on each side of 
the penis, and having their cavities in communication, by a 
widish aperture, with the peritoneal cavity, so that by pulling 
upon the spermatic artery and vein (§ 256) the testis 
which each contains can be retracted into the abdomen. 

267. The vasa defercntia {v.n), two whitish tubes 
resembling the ureters in appearance and size : they pro- 
ceed from the scrotal sacs into the peritoneal cavity, and 
then each curves over the corresponding ureter to reach the 
dorsal side of the bladder. 

XXVIII. Slit open one of the scrotal sacs along it 
ventral wall, and make out ; 

268. The testis, a pinkish-white, ovoidal body, about »a 
inch long in a full-grown rabbit 

269. The epididymis, an irregular, convoluted bodji 
forming the greatly coiled proximal end of the vas defereni 
ic consists of the caput epididymis, applied to t 
anterior end of the testis, and connected by a r 
band running along the inner edge of the latter, ' 
the Cauda epididymis, which is continued posteriori 
beyond the testis, and, anteriorly, gives origin to the v; 
deferens. The caput is usually much obscured by a m 
of fat, in which run the spermatic artery and vein. 

270. The gubemaculum, a short cord connccling the poslcriof 
of tlic caudn epididymis with Che interior of the scrotal sac. 
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ire, a layer of skin exter- 

isue, the dartos ; then a 

lous wilb the internal oblique 

internal linii^ of peritoneum. 



ts of the scrotal 
nally ; then a layer of loose 
layer of muscle, the cremaster, coi 
muscle of the ahdomeii ; and, lastly, 
the tunica vaginalis. 

273. The mesorchium, a double fold of peritoneum 
suspending the testis and vas deferens to the dorsal wall 
of the scrotal sac. after the manner of a mesentery ; its two 
layers are continuous with the peritonea! lining of the sac 
ca vaginalis), and are reflected over the testis. 
XXIX. Dissect away the kidneys, ureters, and scrotal 
sacs from the surrounding parts ; cut away the 
symphysis pubis with bone forceps : cut through 
the two corpora cavernosa (g 265) by which the 
penis is attached to the ischia. Remove the 
whole of the urinogenital organs from the body, 
together with the posterior end of the rectum, 
and pin them out in a dissecting dish, with the 
dorsal surface uppermost, taking care to preserve 
the natural relation of the parts. Carefully dis- 
sect away all fat and connective tissue, gradually 
separate the rectum from the other organs and 
turn it aside, making out : 

73. The uterus masculinus (w.w), a large sac, 
ightly bilobcd at its anterior end, and lying against the 

dorsal side of the neck of the bladder. The vasa deferentia, 
after curving round the ureters, are seen to pass between 
sac and the bladder. 

74. The prostate {pr), a glandular mass, in relation with 
neck of the bladder and the uterus masculinus, 
consists of Gve lobes ; an anterior [fir), so closely applied to the 

dorsal wall of the uterus masculinus as to be almost inseparable from 
it : another posterior [fr'), tnore pfouiinent than the first, bilobcd 
anteriorly, and easily seitarablc Irom the uterus masculinuB ; snd two 
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small lateral lobes {pr^, lying along Che udes of Ihe neck oF itie 
bladder. 

275. Cowper's glands (c.^), a pair of brown, ovoid masses, imiDC- 
diately behind the posterior lobe of the proiitate, and enclosed \a a 
layer of muscle. 

376. The rectal glands {r.gl), two brown elongated 
glands, about an inch long and a quarter of an inch wide, 
situated one on either side of the rectum. 

277. The perineal glands {p.gl), similar in appear- 
ance to the rectal glands, but not more than half an inch 
long ; they He, one on either side of the extremity of the 
penis, and are in relation externally one with each of ths 
hairless perineal spaces, on the surface of which its duct 
opens on a small papilla {p-gf). \ 

278. By slitting open the uterus masculinus along its 
dorsal wall, the vasa deferentia are seen to open into lis 
ventral wall, near its junction with the bladder. I 

279. The corpus spongiosum (^-.j), a quantity of | 
extremely vascular tissue surrounding the urethra, from ■ 
about the posterior boundary of Cowper's glands to the 
glans penis, with which it becomes continuous : to see il | 
satisfactorily, the rectum and rectal glands should be 1 
entirely removed. 

XXX. Turn the organs with the ventral side uppe^ 
most, and make a median incision along the 
whole length of fhe penis, begmning at the 
glans and cutting through the fibrous septum 
between the corpora cavernosa : continue the 
incision forward so as to open the bladder along 
its ventral wall. Note : 
380. The small apertures of the ureters in the dorsal 

wall of the bladder at about the junction of its middle and 

posterior thirds. 
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z8i. The verumontanum or colliculus seminalis, 

a small rounded elevation on the dorsal wall of the urethra, 
just posterior to its junction with the bladder. 

282. The opening of the uterus masculinus into the 
urethra : a crescetitic aperture just in front of the anterior 
edge of the verumontanum. 

283, The openings of the prostatic ducts, minute apertures, 
usaally about four in uumbei', on each bide of the venimoiitanuui. 

284. The openings of the ducts of Cowper's glands, four 
extremely minute apertures in Ibe dorsal wall of the urethra, about 
half an inch posterior to the verumontmum. 

/// ihe Female. 

285. The vulva, or external urinogenital aperture, 
(Fig. Gz, B, u.g.a) guarded by two tolerably prominent folds 
of mucous membrane, the labia nnajora, and leading into 
a wide tube, the vestibule, situated immediately ventral to 
the extremity of the rectum. 

28G. The clitoris {ex, g.el)^ a hard, rod-like body cm- 
bedded in the ventral wall of the vestibule : it consists of 
two closely applied corpora cavernosa (f.c), resembling 
the bodies of the same name in the male (g 265), and, like 
them, diverging anteriorly as the crura clitoridis to be 
attached to the ischia: the free end of the clitoris is 
formed by the glans clitoridis {g.cl), a small soft conical 
t)ody between the anterior (ventral) ends of the labia 
majora. 

287. The vagina (Figs. 62, B, and 63, va), a widish tube 
lying between the bladder and the rectum ; like the other 
reproductive organs, it varies greatly in size according to the 
age of the animal. 

28S, The uteri (Fig, 63, r.ut, l.uf), paired tubes proceed- 
ing from the anterior end of the vagina, and proceeding 
outwards towards the flanks ; they are comparatively wide 
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:come narrov^^ 



at tbeir posterior or vaginal ends, but become ; 
anteriorly and pass almost insensibly into 

389, The Fallopian tubes {Jl.t), or anterior extremities ' 
of the genital ducts; they are somewhat convoluted tubes 
of small calibre, ending anteriorly in a wide, membranous, 
funnel-shaped extremity witJi fimbriated margin. 




Fig. 63. — Lepus cuniculus. The anterior end of tlie vagina, t 
the right uteru5, Fallopian tube, and ovary (nat. size). 

Part of the yentral wall of the vagina is removed, and the j 
end of the left utcms is shown in longitudinal section. 

Ji.l, Fallopian tube : J!.e, ils peritoneal aperture : l.nt, lefl 
!,Ht', left OS aleri ; r.ut, right uterus i r.iif, right os uteri: s, 
septum ; va, v:igina. 

290, The broad ligament, a sheet of peritoneum, sus- 
pending the uterus and Fallopian tube to the dorsal 

agr. The ovaries (on), ovoidal bodies, about half 
inch long .and a quarter wide, situated just external to the 
fimbriated extremity of the Fallopian tube: they have a 
whitish colour, and are studded over with small round 
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pinkish projections, the Graafian follicles, each of which 

contains an ovum. 

XXXI. Cut through the symphysis pubis, and dissect 
away the urinogenital organs from the body, fasten 
them with the dorsal side upwards, and make out 
the rectal and perineal glands, which have the 
same relation as in the male {seeg§ 276 and 277); 
then remove these glands along with the rectum, 
and make out 

292. The vestibule (Fig. 62, B, vb), a wide tube, with 
the dorsal wall of which the rectum was in contact : mth 
its anterior end the bladder and vagina are connected, 
while, posteriorly, it opens externally by the vulva. It 
has precisely the relations of the urethra of the male (§ 265), 
and its wails are invested with a vascular tissue answering 
to the corpus spongiosum (§ 279). 

293. Cowper's glands if.gl), a pair of small whitish masses, lying 
.on the dorsal \va!l of the veslibule at about the middle of ila length. 

XXXir. Turn the organs with their ventral side 
upwards, make a median longitudinal incision 
through the vestibule, and continue it forwards 
until the cavity of the bladder is exposed : make 
a median longitudinal incision through the ventral 
wall of the vagina ; afterwards slit up one of the 
uteri and the corresponding Fallopian tube along 
their whole length. Make out : 
394. The small aperture of the ureteis in the dorsal wall 

the bladder about half way between its fundus and 

neck. 

195. The almost insensible passage from the bladder to 

vestibule, the neck of the former being very wide. 

ig5. The irregular rugte or ridges of mucous membrane 
which the walls of the vestibule are raised. 



297- The large, somewhat crescentic aperture by which 
the vagina opens into the -vestibule. 

298. The small aperlui'es of the ducts of Cowper'a glands, on ll* 
dorsal wail of the vestibule. 

299. The OS uteri (Fig. 63, rMf), a small aperture iritli 
a greatly thickened and rugose Tuargin, on each side of th( 
anterior end of the vagina, and leading into the corre- 
sponding uterus. Between the two ora uterorum is a rudi- 
mentary vertical septum {s) tendmg to divide the vagina into 
two tubes. 

300. The very thick walls of the uterusj consisting of a 
outer muscular layer and an inner mucous layer raised i$ 
into very large and prominent ruga;. 

301. The smootli walls of the Fallopian tube and tii6 
opening of that tube posteriorly into the uterus, 
anteriorly by its funnel-like fimbriated extremity i^-^' 
into the peritoneal cavity in the immediate neighbourhood 
of the ovary. 

/» both sexes. 

XXXIII. Make a section of one of the kidneys, throu|J 

the hilus, and parallel to the dorsal and ventoi 

faces of the organ. Note : 

302. The sinus, a large cavity excavated in the substanc 
of the kidney into which the hilus leads. 

303. The pelvis, a large funnel-like dilatation of 1 
proximal end of the ureter, nearly filhng the sinus : it end 
in a number of small subdivisions, the calices. 

304. The urinary pyramid, a conical mass of kidirt 
substance, projecting into tlie pelvis. 

305. The distinction between the superficial or cortici 
portion of the kidney which has a dotted appearanc 
and its central or medullary portion, marked with stii 
which radiate outwards from the pyramid. 
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H XXXIV. Carefully remove from the body llie heart 
^H and lungs, together with the posterior end of the 

^H trachea and recognisable portions of the aorta 

^H and venK cavK. Fasten out the oi^ans under 

^H water, with their dorsal surface uppermost, and 

^1 make out: 

^f 306. The course of the pulmonary arteries and 
veins : the arteries remain single until they reach the 
lungs ; the veins are two from eadi iung, and enter the 
left auricle separately, in the U-shaped space between the 

tro precavals. 
XXXV. Cut through the pulmonary arteries and veins 
close to the lungs, and separate the latter from the 
heart : make out : 
307. The division of the left lung into two lobes, an 
Dterior and a posterior : the former is deeply divided 
by a transverse fissure. 

308. The division of the right lung into four lobes, called, 
passing from before backwards, the anterior accessory, 
the anterior, the posterior, antl the posterior acces- 
sory : the " accessory " lobes are considerably smaller than 
the other two : the posterior accessory is situated internal to 
the root of the lung and rather to the left side of the thoracic 
cavity. 

309. The cartilages of the trachea and bronchi, 
incomplete rings surrounding the ventral and lateral aspects 
of the tubes, but leaving their dorsal sides unstrengthened. 

310. The division of the lefl bronchus into two tubes, one for each 
lobe. 

311. The Eubdiviaions of the right bronchus: i( first gives off * 
branch on the onter side to the anterior accessory iohe, tben one on the 
ventral side to the inferior lobe, and finally dividci: into Iwo branches for 
tlie posterior and posterior accessory lobes. 
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Iironcbus for the anterior acces&orj lolie ia given off from the trachu 
inunediately before its bifurcation. 

311, By scraping away the lung sabstBnCfi the broTichi may lie fuRhet 
followed : their cartilages soon lose the incomplete annular form, Hid 
become irregular isolated patches ; the branches giren off frt 
bronchi into the substance of tbe lung come off at an acnte anglt 

XXXVI, In the heart cut away the outer walls of both 
auricles, so as to expose their cavities, taking 
care not to injure the venaa cavK or pulmonaij 
veins. Note : 

313. The liivision ol each auricle into a larger, smoolli- 
walled, posterior portion or atrium, and a small, anterior 
portion or appendix auriculse, which projects over the 
base of the ventricle, and the walls of which are strength- 
ened internally by a network of muscular bands, the 
musculi pectinati. 

314. The septum auricularum, or muscular division 
wall between t)ie auricles. 

315. The fossa ovalis, an oval area on the septum 
ratlier thinner than the rest of it ; it is seen best from the: 
left side by holding the septum up to the light, and i 
rounded by a slightly raised margin, the annulus ovalis. 
It marks the position of the foramen ovale of the fcelu& 

316. The auriculo-ventricular apertures, by whicb. 
the auricles respectively communicate with the ventricles. 

317. The apertures of the pre- and postcaval 
veins into right auricle ; that of the right precaval is in ll 
anterior (upper) end of the auricle ; that of the postcava 
in the post ero -dorsal region, a membranous fold, tbi 
remains of the fcetal Eustachian valve, extending fron 
its posterior margin towards the septum ; that of 1 
left precaval is immediately to the left of, and posterioi 
to, the Eustachian valve, and is bounded behind (below tj 
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the upright position of the heart) by a semi-lunar fold, the 
valve of Thebesius. 

318. The aperture of the coronary vein, by which 
the blood is brought back from the substance of the heart ; 
it is a small round opening just within the margin of the 
tunnel-like aperture of the lefl precaval. 

319. The apertures of the pulmonary veins into 
the left auricle. 

XXXVII. Cut away both auricles so as to expose the 
bases of the ventricles : cut away all but about 
an eighth of an inch of the aorta and pulmonary 
artery : pour water into the ventricles through the 
auriculo- ventricular apertures. Note : 

320. The auriculo-ventricular valves, two sets of 
membranous flaps, which, when the filled ventricles are 
squeezed, come together at their edges and close the 
auriculo-ventricular apertures ; but when the pressure is 
released fall down into the ventricles. On the left side are 
two flaps, together constituting the mitral or bicuspid 
valve ; on the right side are tliree flaps, together con- 
stituting the tricuspid valve. 

321. The semilunar valves, of which there are three 
at tlie origin of both the pulmonary artery and aorta ; 
all three valves, in each case, are in one plane, and 
when there is fluid in the artery, come togetlier by 
their edges, and close the passage to the ventricle ; but 
when the ventricle is squeezed, the pressure forces them 
aside, and causes them to Hap back against the walls of 
the artery. 

322. The sinuses of Valsalva, shght dilatations of 
the aorta and pulmonary artery, just anterior to (above) 
the semilunar valves. 

323. The apertures of the coronary arteries, by which 
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the heart is supplied with blood, situated in two of the aortic 

sinuses of Valsalva. 

XXXVIII. Remove the outer walls of both ventricles, 
by making first a transveree incision along lie 
base of each, and then taking from its extreraitieB 
converging incisions nearly to the apex of ihe 
heart. Make out ; 

324. The comparatively thin walls of the right ventricte, 
and the cKtremely thick walls of the left ventricle. 

325. The septum ventriculorum.orpartition between 
the ventricles ; it is convex towards the right, concave 
towards the left side, so that, in transverse section, the 
cavity of the right ventricle appears semilunar, that of 
the left almost circular. 

326. The columnjEcamese, muscular ridges into which 
the inner surface of the ventricular walls is raised. 
of those in the right ventricle usually takes on the fCBH 
of a cord extending across the cavity from the inner to Ihe 
outer side, and called the moderator band. 

327. In the right ventricle, the three flaps of the 
tricuspid valve attached by their anterior edges round 
the auriculo-ventricular aperture : their irregular posterior 
edges, which depend into the ventricle, are attached bj 
strings, the chordee tendineEC, to small conical elevations 
of the ventricular wall, the musculi papillares. 

338. In the left ventricle, the two flaps of the mitral 
valve, attached in the same manner as those of the tricuspid 
The papillary muscles are, however, fewer in number and 
considerably larger in size. 

329. The conus arteriosus, or infundibulum, a pro- 
longation of the left anterior angle of the right ventricle, 
the apex of which is the aperture of the pulmonary artecTil 

330. The aperture of the aorta in the left vei 
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situated within and dorsal to the auriculo- ventricular 
aperture. 

t XXXIX. Dissect away the skin from the side of the 
I head, and make out : 

I 331. The raasseter, a large mass of muscle covering 
the posterior half of Ihe mandible- 



332. The muscular branches of the seventh or facial 
nerve, passing from behind forwards over the outer surface 
of the masseter. 



333. The parotid (salivary) gland, a soft, irregular, 
pinkish mass, situated just in front of and below the 
external ear. 

lis fine duct (Stenson'a duct) passes forwards from its anleriar 
edge, along with the branches of the seventh aetve, and in front 
of the m^iEseter muscle dips inwards, to open into the interior of the 
mouth, 

334. The infraorbital (salivary) gland, a large lobu- 
lated mass lying in the antero-inferior region of the orbit, 
partly outwards and partly within the cavity. 

►Its duct passes downwards from its in^rior edge, to open into the 
lity of the mouth. 



XL.^ Cut away, with bone-forceps, the supraorbital 
process of the frontal (§ 47), working from behind 
forwards, and making out : 
335. The superior oblique muscle of the eye, arising 

1 The following sections (gg 335— 353) cannot convemeatly Iw 
worked out in a specimen from which [he brain has been removed, 
unless that operation has tieen conducted with very great care. 
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from the postero-intemal region of the orbit along with d 
i^cti (§ 338) and passing forwards and upwards to the a 
surface of the anterior end of the supraorbital process; ihere 
it passes through a tendinous loop attached to the bone, 
and then passing downwards and slightly backwards is 
inserted into the eyeball. 

336. The lacrymal gland, a pinkish mass situiieJ in 
the upper and posterior region of the eyeball. 

337. The Harderian gland, a white, opaque, lobuiated 
body situated in the anterior region of the eyeball. 

33S. The four recti and tie inferior oblique have the sum 
relations as io the loner Vertebrala ( p. 77, Sg 192—194, and p. 78. 8 
201, 2M). 

339. Tbe third, fourth, and sixth cerebral nerves, issoingfroiDtbc 
sphenoidal Sssure, and having the fame general distdbution to the tjt- 
muscles as in the lower Vcrtetrata (pp. 77, 7S, §g 195—197, 203). 

340. The retractor bulbi, a conical iniiEcle lying immediately M'itMn 
the recti, and forming a sheath round the optic nerve : it is suppUcd tj 
the siKth nerve. 

341. The orbit o-nasal nerve,or(irstdivisiQQQf ihBfifth,I«ivii^i!i! 
sliull through the sphenoidal Essure and passing along the upper edge ol 
the inner wall of the orbit. 

341. The optic nerve, lea.ving the sku!I by^ the optic foramen, and 
passing to the inner and posterior region of the orbit. 

XLI.i Remove both eyes : divide one of them into M 

inner and an outer hemisphere by an equatorial 

incision, i.e. a vertical incision taken at right angles 

to and through the centre of a line joining the pupil 

and the optic nerve : divide the other into an 

anterior and a posterior half by a vertical incision 

at right angles to the first, that is passing through 

the pupil and entrance of the optic nerve. Note: 

343. The fibrous sclerotic, the one-layered choroid, 

' As it Is necessary to exramine the eye while quite &esh, 

probably be found convenient in pmclice to snbstitule an ox's or s 

eye for tbe rabbit's. 
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the retina, the blind spot or entrance of the optic nerve, 
the ora serrata, the choroid processes, the lens, the 
iris, the pupil, and the aqueous and vitreous humours : 
all these have the same essential relations as in the lower 
Vertcbrala (see p. 84, §§ 224— 32S). 

344. The absence of a. processus falciformis or 
pecten {p. 122, § 179, and p. 250, § 314). 

345. The tapetum, a portion of the choroid which, 
instead of having the usual black hue, exhibits iridescent 
colours. 

XLII. Dissect away the parotid gland : clear away the 
muscles, &c., from the entire external surface of 
the bulla tympani (g 54) : lay open the external 
auditory meatus by a longitudinal incision, until 
the tubular portion of the tympanic bone is 
reached : with bone-forceps cut away very care- 
fully and gradually the outer wall of both tubular 
and bulbous portions of the tympanic bone, 
noting : 

^46, The tympanic membrane, a transparent fibrous 
ttitionj lying obliq^uely across the lower end of the 
: through it can be indistinctly seen a small bone 
Bbe handle of the malleus (§ 73) — attached to its inner 
face. 

htn. The cartilage of the pinna, attached to the 
r portion of the tympanic bone, and with it forming 
■ external auditory meatus, which thus consists of cartilagin- 
^ and osseous portions. 

XLIII. Carefully cut away the tympanic membrane so 

as not to injure the manubrium mallei, and remove 

as much more of the tym panic bone as is necessary 

to displa)' the foUoiving stniclures ; 

348. The tympanum, or tympanic cavity, bounded 
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internally by the peri otic, externally by the tympanic 
membrane, below and at the sides by the tympanic bone. 

349. The auditory ossicles (see §§ 73 — 76): idler 
observing them and their muscles (§§ 352, 353) in situ, [hey 
should be removed, and examined under a low power of die 
microscope^ 

350. The fenestra ovalis and fenestra rotunda 
(5 56). 

351. Tne aperture of the Eustachian tube on the 
inner wall of the tympanum, below and anterior to the 
fenestra ovalis (see § 55, p. 272, and 5 370, p, 336). 

352. The tensor tympani, a small muscle inserted by n fine 
into tlie malleus : it arises froni the alisphennid, 

353. The stapedius, aslill smaller muscle, arisinj from the; 
of the periotic, just at>ove the fenestra rotUDda, and pacing for 
be inserted into the neck of tlie stapes. 

354- By the removal of the bulla tympani the proiimal porti<ms of 
the vagus and hypc^Iossal nerves (g^ 244, 246) are exposed and nnj l« 
traced to their foramina of exit from the skull (§§ 43, 58). 

355. Lying immediately in front of and parallel to the liypoglossal u 
a much slenderer nerve, the g'lossopharyngeal ; it makes its exit fno 
the skull with the -vagus. 

356. The spinal accessory or eleventh nerve leaves the sliilllalo'? 
with the glossopharyngeal and vagus, and passes backwards lo '^^ 
distribution to some of the muscles of the neck, 

XLIV. Dissect off the massetet ; carefully detach the 
ascending portion of the mandible from tif 
pterygoid muscles which are inserted into its 
inner surface: with bone-forceps cut away At 
portion of the mandibular ramus lying posteriot B 
the inferior dental foramen (§ 71); make out: 

357. The third division of the fifthor mandibular nerve, sopplT- 
ing the mu'icle j of the lower jaw and sending a branch — the guBtalaiT 
nerve — lo the tongue ; the main trunk is continued through tk 
interior dental foramea to the interior of the ramus and so to ^k 
teeth. 
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358. The second division of tfae fifth or maxiUar)' nerve has 
been eipo^eil by the removal of the eye and its tdusclcs, and is seen 10 
lie on the Root of the orbit : to see it satisfactoillf the maxilla must be 

rually broken away : it sappiies the upper teeth, and a large branch 
s through the in£raotbita] fotamen (§ 65) to the snoot. 



XLV. Remove the remainder of the mandibular ramus 
of ihe side on which you are working : dissect 
away the pterygoid muscles : pass a probe from the 
cut end of the gullet forwards into the mouth : lay 
open the gullet along this, and pull the tongue 
downwards so as to get a good view of the interior 
of the mouth. Note: 

359. The transversely-ridged palate (Fig. 64) or roof of 
the mouth, continued backwards into a soft membrane, the 
velum palati {vl.pa). 

360. The tongue {/g), firmly fixed by its postero-inferior 
part to the floor of the mouth, presenting on its dorsal 

^jurface a number of small eievations or papillae, and on 

^Mach side of its prosimal end a small, oval, ridged area, the 

^Bspilla foliata. 

^B 361. The pharynx, or funnel-shaped posterior ex- 
tremity of the mouth, continued backwards into the 
gullet 

362. The glottis, an aperture on the floor of the pharynx, 
leading, through the larynx, into the trachea. It is guarded 
in front by a large flap of cartilage, the epiglottis (^/^), 
and behind fay txvo small processes of mucous membrane, 
the cornicula laryngis {c.la). 

363. The aperture of the posterior nares (p.na), an 
ova! opening in the roof of the pharynx ; a probe passed into 
it enters the nasal chamber {see § 366). 

364. The positions and characters of the teeth (see 
277, 27S). 
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The section is taketi slightly to the left of the median plane so as to 
clear the mesethmoid (m.eth) : all but the anterior and posterior ends of 
the septum nasi {mMh^) is cut away, so as to expose the right nasal cavity 
with its turbinals : the brain is removed, so as to show the cranial fossae 
and the exits of the nerves through the dura mater (it must be remem> 
bered that many of these run for a considerable distance between the 
dura mater and the skull before making their exit from the latter) : the 
muscles at the base of the tongue are partly dissected away so as to 
expose the right sublingual gland (s.gl). The cartilage is distinguished 
by fine, the &ne by coarse, dotting. 

b.hy^ body of hyoid bone : b.o^ basi-occipital : b.s, basi-sphenoid : 
€b.fOf cerebral fossa : cbl.fo, cerebellar fossa : cJa, comiculum laryngis 
embedding arytenoid cartilage : cr, cricoid cartilage :cJ,m, crico-thyroid 
membrane : epg, epiglottis : ei/i,/b, ethmo-turbinal : eu, aperture of 
Eustachian tube : ^./o, floccular fossa : /r, frontal : /.v.c, false vocal 
cord : £^.A.y, genio-hyoid muscle : i,c,a, internal carotid artery : i./<?, 
interparietal : ja, Jacobson's cartilage : la, lower incisor : m, masseter 
muscle covering edge of mandible: m,eth\ lamina perpendicularis : 
■mMh^f septum nasi : mttf mandibular symphysis : moy mouth cavity : 
mXf palatme plate of maxilla : mxJb, maxillo-turbinal : na, nasal : 
na,tb^ naso'turbinal : oc.at.m, occipito-atlantal membrane : od, odontoid 
process : ajj, oesophagus : ol,fo, olfactory fossa : pa, parietal : pi, palatine 
plate of palatine : pmxy premaxilla : p.na^ posterior nares : p.s, pre- 
sphenoid: s,g, sublingual gland: s,mx, submaxillary gland: s,o, 
supra occipitsd: x^.i, jr^.2, jr^.3, roots of first three spinal nerves.: 
st,hyy stemo-hyoid muscle: j./, sella turcica : tg, tonguo: M, thyroid 
cartilage : in, tentorium : tr, trachea : u.i^, anterior, and ff.t^, posterior, 
upper incisor: v.i, atlas; z/.2, centrum, and v. 2', arch of axis: 
».3, ».3', of third vertebra : v.c^ vocal cords : vJ, ventricles of larynx : 
vl/pdy velum palati : vr.a, vertebral artery : x, bristle passed through 
right nostril : y, bristle passed through right naso-palatine canal : 
II—XII^ roots of cerebral nerves. 

365. The small paired aperture of the naso-palatine or 
Stenson's canals (j/), situated immediately behind the 
posterior upper incisors («.i^), and leading into the nasal 
chamber. 

XLVI. Remove the nasal, and enough of the pre- 
maxilla and maxilla to show : 

366. The ethmo-, maxillo-, and naso-turbinals 
{eth.tb, mxJby naJb, §§ 61, 63, 66, pp. 274, 275), and their 
relations to the nasal chamber in which they are contained. 

367. The delicate, reddish-brown, mucous membrane 
(Schneiderian membrane) lining the nasal chamber and 
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covering the turbinals : that on the ethmo-turbinals is dis- 
tinguished as the olfactary mucous membrane. 

368. The olfactory nerves, given off from the olfacray 
lobes to tlic olfactory mucous membrane : the maal* 
turbinals are supplied by the maxillary nerves. 

XLVII. Pass a probe from the anterior nostril into tlw 
nasal chamber as far backwards as it will g 
remove the turbinals and as much of the maxDll 
and palatine as is necessary to show 

369. The backward continuation of the nasal chamber t( 
the posterior nares. 

370. The aperture of the Eustachian tube {«),B 
the dorsa! wall of the posterior nasal passage, a litde anleiin 
to the posterior nares ; a probe should be passed thronj 
the tube from its aperture in the tympanum (§ 351), 

371. The septum nasi {m.etB, % 59}, forming a medil 
vertical partition between the anterior part of the two nas 
chambers. 



372. Jacobson'a cartilage (/a, g 60), Sying iramedialdy «i 
to tbe ventral edge of the septum nasi and ensheathed by the poliM 
process df the premaxilla : it has tbe form of a cylinder inH 
lapering ends. 

373. Jacobson's organ, seen by coreFully removing the p^ili" 
process of the premaxilla and Jacobson's cartil:ige : it consists of d ddt 
cale tube of mueous menabrane, inclosed in the scroll-like Jaci 
cartilage, and opening at its anterior end into the nasal chamber. B'" 
supplied by branches of the ol&ctory nerve which pass downwards <M 
forwards along the surface of the septum nasi. 

XLVIII. Remove the larynx with Ihe anterior part of thelra^ 
and dissect away the muscles, &c., attachii^ them to 
ing parts. If only one laryni is to be had, maie alo 
vertical section of it, keep one half entire, and from the od 
dissect away the muscles and mucous membrane so as U I 
the cartilages clearly. If two specimens are to heh4(i,dl 
the cartilages of one, and nse the other for the soft pi 
nuking a lonf^tudinal section of it when necessary (at S fl 
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Examine first the cartilages and then the soft parts, making 
out: 

374. The th)rroid (Fig. 64, M), a large plate of cartilage, consisting 
of right; and left alae united to one another ventrally at an obtuse 
angle : dorsally each alse is produced into anterior and posterior 
comua, small processes, the posterior of which articulates with a facet 
on the cricoid. 

375. The cricoid (cr), an annular cartilage, narrow ventrally, wide 
dorsally, situated immediately behind the thyroid, the posterior comua 
of which articulate with facets on the dorso-lateral regions of its outer 
surface : ventrally there is a considerable interval between the thyroid 
and the cricoid; bridged over by the crico*thyroid membrane 

The anterior ring of the trachea is often more or less transitional 
between the ordinary tracheal rings and the cricoid. • 

376. The arjrtenoids {ary), paired triangular cartilages articulated 
to facets in the postero-dorsal region of the anterior edge of the 
cricoid. 

377. The cartilage of Santorini, small paired nodules embedded in 
the comicula laryngis {cja), 

378. The epiglottis {(pg), an obcordate plate of cartilage attached 
by its narrow ventral end to a facet on the inner surface of the ventral 
r^on of the thyroid. 

379. The reddish mucous membrane lining the larynx, continuous 
behind with that of the trachea and in front with that of the pharynx. 

380. The ventricles of the larjmx (z/./a), paired shallow de- 
pressions on its inner surface at about the level of the arytenoids. 

38 r. The vocal cords {v.c), paired folds of mucous membrane 
forming the posterior boundaries of the two ventricles and supported by 
ligaments : they extend from the arytenoids downwards to the inner face 
of the thyroid, where they are attached close together just posterior to the 
facet for the epiglottis. 

382. The false vocal cords {/.v.c), similar folds forming the anterior 
boundaries of the ventricles. 

383. The crico-thyroid muscles, arising one on each side from the 
outer surface of the cricoid, and passing forwards and upwards to be 
inserted into the thyroid, which they serve to depress. 

384. The posterior crico-arytenoid muscles, large paired muscles 
covering the dorsal surface of the cricoid, from which they arise, and 
passing outwards and forwards to be inserted into the arytenoids. 

385. The arytenoid muscles, situated immediately anterior to the 

Z 



338 ZOOTOMY. 

crico.arjtenoids, and consisting of fibres passing transversely Tielweco lit 
arytenoid cartilages, which are npproiiinaled by tbeir contraction, 

3S6. The anterior crico- arytenoid muscles, arising Irom 
lateral regions of the cricoid and inserted into the arytenuds : to 
them one of the alie of the thyroid should be disarticiilated 1 
reflected. 

387. The tbjfro-arjrtenoid muscles, also "seen by reflection of IS* 
thyroid ; they run parallel and external to the vocal cords, arisng 
from the arytenoids and being inserted into the thyroid, whish itcT 
elevate. 

XLIX. Dissect away enough of the muscles in the 
regions of the shoulder and hip to make out ; 

388. The brachial plexus, formed by the union of the 
fifth to eighth cervical and of the first thoradc nerves, 
giving off nerves to the arm and shoulder. 

Beddes several smaller nerves there are four chief trunks 
off from the brachial pleius : ' {a) the ulnar nerve runs alongside IM 
brachial artery, passes immediately internal to the olecranon inta tbi 
fore-arm, and then along the onter or ulnar side of the latter : |i) ^' 
median nerve passes interoal to the hnmerns, entering the fore«iii 
proximal to the condyles, and takes a course along the inner 01 red'" 
side of the fore-arm; both it and the ulnar nerve supply mfliiUylt' 
flexor muscles : (c) the musculo-spiral nerve, the largiest of the fa"- 
goEs to the dorsal side of the humerus and along the radial side of tw 
fore-arm ; it supplies mainly the extensor muscles : {d) (he cirtumflWj 
or subscapular nerve passes dorsalwards round the bead of ' 
humerus and supplies some of the muscles of the shoulder, 

389. The lumbo-sacral plexus, formed by l** 
tmion of the fifth to seventh lumbar and of the first W 

' There is a certain ambi^uityin the usual mode of counting B* 
spinal nerves : in the cervical region each nerve is named from f™ 
vertebra in front of which il; emerges, the first or sub-occipital d"'' 
coming out between the skull and the alias, the eighth between "* 
seventh cervical and first thoracic vertebra; ; the remaining nerve^ 
named from the vertebra; behind which they emerge : the first ll""'^ 
for instance, is the nerve which makes its exit between the finl "" 
second thoracic yertebrie. 

to be dissected in the same spedm™' 
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i sacral nerves, and giving off branches to Oie leg 
fnd hip. 

:e from tlie lumbo'sacrnl plexus; (a) the crural 
) Ihc ptlvis and supplying Ibe eilensor 
a of the thigli : (*) the obturator nerve, jjassing along 
edge of the pubis and through the obturator foramen : and {!■) 
;, the largest of the ihree, passing out betM-een the 
ischium and the sacrum and going mainly to the flexor muscles.' 

IL, Remove the skin from the back and limbs, and make 
out the following muscles ; ^ 
390. The dorso-lumbar fascia, a strong sheet of 
connective tissue which covers all but the most superficial 
muscles of the back ; it is continuous in fixint with the 
cervical fascia. 

391. The trapezius {Fig. 65, A, fe), a thin superficial 
sheet of muscle extending over a great part of the dorsal 
aspect of the cervical and thoracic regions : it arises in the 
middle dorsal line from the cervical and thoracic fasciae : the 
fibres of its anterior part pass backwards and outwards, and 
are inserted into the metacromion (g Si), those of its 
posterior portion pass forwards and somewhat outwards, and 
are inserted into the dorsal half of the spine of the scapula. 
393. The latissimus dorsi (l.d), an extensive sheet of 
muscle arising partly from the dorso-lumbar fascia, partly 
from the three posterior ribs by as many triangular slips or 
digitations, which fit between or interdigitate with 

■.similar slips of the external oblique (§ 139) : in its posterior 
fert it is united with and scarcely distinguishable from the 
^ If the muscles of the leg ace to be dissected in the same specimen, 
the tracing of these nerves must be deferred, 

' It is advisable to have another specimen, well hardened in alcohol, 
for the muscles, as many of those described will have been destroyed by 
the previous dissectioa. 




Fig. 6s, A. — Lepus cuniculus. Muscles of the fore-limb, from 
Ihe outer side ( x i). 

ab.f, abductor poUicis ; a.&r.i, abdnctor braciii inferior : a.ir.i, ab- 
ductor bracbii Euperior: an.l, annular ligament : i.iu, basio-humeniliG: 
ii, biceps : ir.i, bracbialia intenius : cl.rn, cleido-mastoid : cfi.!, capsular 
ligament of shoulder : cr.ir, coraco-brachialis : d, deltoid ; ex.c.d, ex- 
tensor commnnia digitorum : ex.cp.r, extensor carpi radialis ; ex.cf.u, 
extensor carpi ulaaris : ti.d.4, extensor quartidigiti : ex.d,^, extensor 
quijiti digiti : ex.p.a, extensor parvus antibrachii : fi.cfi.r, nexor caifi. 
radiiUs : fl.tp.u, flexor carpi ulnaris : fi.p.d^, superbcial bead of ftexor 
profilndus digitomm, iU middle portion removed to show tbe underlyu» 
muscles (C) : fi.p.d^, ulnar head of the same muscle : fi,p.d\ its radial 
" » . n . ' mj, digitor 



head : fl.p.d\ its middle head: jl.s.d, fleitor snblimis digitoi 



«:*.! 



anguli scnpulre : /.y, latissimus doisi : /..K.m, levator scapnlie major: 
eb.tx, obhquus externus abdominis -.fcma, pectoralis major:;h-.n>V 
pectorahs minor : Jx.t, pectoralis tenuis -.pi, patmaris :/».<', pannictUus 
camosuai/r./, pronator teres : r.ab, rectus abdominis: rA.c, rhomboideni 
cervicalis : rh'd, rbomboideus dorsalis ; sr.m, serratus magmis: *.*:,, 
pularis : i.if, supra-spinitus : i.sp.f, supra-spinoos fasda ; ''-AaJ 
hyoid : sl.m, stemo-maatoid : te.ma, teres major: tr, trar'""'' 
ii^, nuddle, If^, external, tr', internal, atid tr*, accessory, hud of tii 
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trapezius : its fibres are gathered into a comparatively narrow 
bundle and inserted into the humerus. 

393. The levator scapulae major (/.jf.w),anarrow band, 
arising from the base of the skull, and passing backwards 
parallel and close to the antero-e sternal border of the 
trapezius, to be inserted with the latter into the met- 




394. The cleido-mastoid (Fig. 65, A and B, cl.m), 
ising with the stemo-mastoid {st.ni, § 130), from the 

periotic, and passing backward to be inserted into the 
clavicle. 

395. The basio-humeralis {bJitt), lying dorsal lo the 
sterno- and cleido-mastoid : it arises from the basioccipital, 
3nd passes backwards and outwards to be inserted into the 
Outer third of tlie clavicle. 

396. The deltoid {d), a somewhat triangular muscle 
'Covering the point of the shoulder : it arises from ihe outer 



L 



half of the clavicle, and Ts inserted into Ihe deltoid i 

of the humerus, its insertion covering that of the pectoralis j 

(S .3.)- 

H. Cut through the trapezius, latissiraus, and levator ' 
scapulfe major near their insertions, and reflect them 
so as to expose the underlying muscles : note : 




397. The rhomboidcus dorsalis (Fig. 65, C, rhJ), 
a squarisli muscle, arising from ihe spmcs of the anterior 
thoracic veriebrse, and passing outwards to be inserted into 
the supra-scapular border of the scapula ^ 81). 

398. The rhomboidcus cervicalis {rh.c), a long I 
muscle arising from the hinder surface of the skull and I 
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from the spines of the cervical vertebrra, and inserted with 
the preceding muscle into the supra-scapular border. 

399. The serratus magnus (A, B, and C, sr.m), a 
somewhat quadrate muscle arising from the third to ninth ver- 
tebral ribs near their junctions with the sternal ribs by seven 
slips which interdigitale with the external oblique : its fibres 
pass upwards and forwards, and are inserted into the 
supra-scapular border. 

400. The levator anguli scapulee {l.a.sc), a large 
iBuscle arising from the transverse processes of the last five 

vical vertebras, and passing backwards to be inserted into 
z inner surface of the scapula close to its supra-scapular 
^rdei. 

. 401. The pectoral muscles have already been seen 
li(p. 290 §§ 131 — 133) ; the insertion of the pectoralis 
minor can now be conveniently made out : the muscle 
passes dorsalwards, beneath (posterior to) the clavicle, into 
which some of its fibres are inserted, and then spreads out 
into a broad sheet which covers the anterior region of the 
scapula, and is inserted into the pre-scapular fascia, 
which invests the remaining muscles in the pre-scapular 

402. The erector spina;, a complicated, longitudinal 
■, forming with its fellow the ridge of the back, and 
; as the chief straightener of the vertebral column, 
>3. The abductor brachii superior {a.br.s), a small 
r muscle arising from the acromion, and inserted 
jtito the deltoid ridge : detach from its origin and reflect. 
LII. Cut through the insertions of the pectoralis minor, 
rhomboidei, serratus magnus, and levator anguli 
scapulae: cut through the ligament joining the 
clavicle to the scapula, and so detach the fore-limb 
with the scapula from the trimk. Dissect out : 



On the inner surface ef the scapula. 

404. The teres major {te.ma), a stout muscle a 
from the greater part of the glenoid border of the scapula, 
and inserted into the shaft of the humerus near the insertion 
of the lalissimus: cut it through the middle and reflect 
both ends. 

405. The subscapularis (s.sc) a large flat muscle ar 
from the whole of the stiliscapular fossa, and inserted inU 
the lesser tuberosity of the humerus : detach from its oriffB 
and reflect. 

406. The coraco-brachialis (rr.ir), a small mua 
covering the insertion of the subscapularis : it arises fr 
the coracoid, and is inserted into the proximal end of ^ 
shaft of the humerus ; cut through and reflect. 

On t!ie outer surface of the scapula. 

407. The supra-spinatus {s.sp), arising from the whole 
of the pre-scapular fossa and pre-axial surface of the spine o( 
the scapula, and inserted into the upper margin of ll 
greater tuberosity of the humerus ; detach from its origi 
and reflect, 

408. The abductor "brachii inferior {a.br.i) aiiaiij 
from the infra-spinous fascia {i.spf) or connec' 
tissue covering the infra-spinatus (§ 409), as well as f 
the acromion and metacromion : it passes beneath ti 
latter and is inserted into the outer face o£ the 1; 
just distal to its head : detach from its origin and r 
removing with it the metacromion. 

409. The infra-spinatus {i.sp), lies beneath the p 
ceding ; it arises from the whole post-scapular fossa a 
from the post-axial surface of the spina scapula:, 
beneath the acromion, and is inserted into the ( 
tuberosity of the humerus : detach from its ori^ \ 
reflect. 
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410. The teres minor, a small muscle exposed by the 
removal of the preceding : it arises from the ventral third of 
the glenoid border of the scapula, and is inserted into the 
greater tuberosity just below the insertion of the infra- 
spinatus. 

In the upper arm, 

411. The extensor parvus antibrachii {exp.d)y a 
small flat muscle lying on the inner face of the upper arm 
about midway between its anterior and posterior borders : 
it arises by a flat tendon from the fascia of the upper arm, 
and is inserted into the olecranon: cut it through and 
reflect. 

412. The triceps, or chief extensor of the fore-arm: 
a very large muscle consisting of four parts or heads — 

(a). The middle or long head (anconeus longus, ir\ 
a large fleshy mass forming the posterior edge of the upper 
arm : it arises from the ventral third of the glenoid border 
of the scapula, and is inserted into the olecranon : divide 
and reflect. 

(p\ The short or outer head (anconeus brevis, tr^) 
is situated on the outer face of the upper arm just in front 
of the preceding : it arises from the outer surface of the 
shaft of the humerus, and is inserted with the long head into 
the olecranon : detach from its origin and reflect. 

(i). The inner head (anconeus internus, tt^) occupies 
a similar position on the inner face of the upper arm, lying 
between the anconeus longus and the biceps (§ 413) : it 
arises from the posterior surface of the shaft of the humerus, 
and is inserted into the olecranon : detach from its origin 
and reflect. 

(d). The accessory head (anconeus quartus, tr^) is a 
very small, fan- shaped muscle, exposed by reflection of the 
anconeus longus and internus, on the inner face of the 
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elbow-joint : it arises from the inner condyle of the humerus,. I 
and is inserted into the olecranon. 

413. The biceps brachii (W), or chief flexor of the:l 
fore-arm; a spindle-shaped muscle forming the anldorJ 
edge of the upper arm ; it arises by a single cord-li^e ^ 
tendon, working in the bicipital groove of the humerus, 
from the anterior edge of the glenoid cavity, and is in- 
serted into the proximal end of the radius : cut it through 
and reflect. 

414. The brachialis internus {6r.i), a flattish musde 
lying on the outer face of the upper arm between the an- 
coneus brevis and the biceps: it arises from the outer 
surface of the proximal portion of the shaft of the humerus 
and is inserted into the radius just proximal to the insertion 
of the biceps 

in the fore-arm and hand. 

415. The extensor carpi radialis (Figs. 65, A and C, 
and 66, ex.cp.r), or chief extensor of the entire hand, z, long 
muscie forming the anterior edge of the fore-arm ; it arises 
from the outer condyle of the humerus : its distal end diiiJes 
into the slender tendons which pass beneath the tendM 
of the abductor poIUcis {§ 418), and then under the a 
lar ligament {an.l), a transverse fibrous band at tbejoffl 
tion of the fore-arm and hand, and are inserted into At* 
proximal ends of the second and third metacarpals: 
through and reflect. 

4r6. The extensor communis digitorum {ex.e.d),« 
principal extensor of the fingers, a long muscle situated on 
the external and dorsal surface of the fore-arm in the groove 
between the radius and ulna : it arises from the outer con- 
dyle of the humerus, and at the distal end of the forfrarei 
divides into four tendons which pass beneath the annular 
ligament to the four post -axial digits. Each tendon p^ts 



along the dorsal aspect of the corresponding digit, broadens 
out into a sort of sheath over the me tacarpo- phalangeal 



fipd flepr 




fi. — Lepua cuniculus, Muscles of the macus. A, dorsal ; 

I' ventral (nat. size). 

'I — 5, the digits: ab.d.^, abductor minimi digili : ab.p, aMuctor 
pollicts : an./, annular ligament : tx.c.ii, extensor communis digitorum : 
a.ep.r, extensor carpi radialis : ex.cp.u, extensor utrpi ulnaiis : ex.d.^ 
eilensar quarti digit! : fx.d.^, extensor quinti digiCi ; tx.p.i, extensor 

Sliicis et iadicis : fl.p.d.m, flexor brevis minimi digiti : fl.f.p, flexor 
!via pollicis ijl.cp.r, flexor carpi radialis -.fl.cp.u, flexor carpi ulnaris : 
fi.p.d, flexor profundus digitorum ifi.p.d*, its tendon to the index digit, 
rot short : fl.s-d, flenor sublimis digitorum : fi.s.d'^, its tendon to the 
second digit partly removed, and its distal end reflected : Jl.i.d*, its 
tendon to the foartti digit partly removed, and having the sheath it forms 
over the metacarpo-phalangcal articulation cut through and reflected 
light and left ; h, iaterossei : li.l, Ib.i, li.2, lombricales ; r (above), 
radius : r (below), retinncula, those of the second digit cut through and 
reflected (o sliow the inseition of the flexor sublimis : k, nlna. 
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and inter-phalangeal articulations, and is inserted ii 
middle and dista! phalanges : divide and reflect. 

417. The extensor polHcis et indicis («./,/), I 
small, slender muscle lying in the groove between the ta 
and ulna, beneath the common extensor: it arises frai 
the radius : its tendon enters the manus along with tl 
of the extensor communis, and divides into two, one 
which is inserted into the ungual phalanx of the poUes, ll 
other into the distal end of the metacarpal of the indes. 

418. The abductor poUicis iflb.p), arising from fl 
outer surface of the shaft of the radius : its tendon cross 
that of the extensor carpi radialis, and is inserted into ti 
metacarpal of the pollex. 

419. The extensor quarti digiti (ifxrf.4), the extenM 
quinti digiti {ex.d.^, and the extensor carpi ulnar 
{(x.cp.u), three small, slender muscles arising close togethi 
from the externa! condyle of the hnmerus, and ] 
backwards behind the ulna to the manus. The exiena 
quarti digiti is inserted into the ungual phalanx of the iovA 
digit, the extensor quinti digiti into the base of the mrtl 
carpal and the proximal phalanx of the fifth digit, and ll 
extensor carpi ulnaris into the proximal end of the 6 
metacarpal : cut through and reflect all three muscles, 

420. The flexor carpi ulnaris {fl.ep.u), fonnbg * 
posterior edge of the fore-arm : it arises by an ei| 
head from the inner face of the olecranon, and is i: 
into the pisiform : divide and reflect. 

421. The pronator teres (Fig, 65, C,/r./), asmallmus 
arising from the inner condyle of the humerus, and iosrf 
by a long tendon into the middle of the irmer side 0" 
shaft of the radiu^ 

422. The flexor carpi radialis {,fl.cp.r\ a. long, slendct 
muscle arising from the inner condyle of the humerus jisM 
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posterior to the origin of the pronator teres, and passing 
into a long tendon which is inserted into the proximal end 
of the second metacarpal : the insertion is best seen at a 
later stage : cut through and reflect. 

423. The flexor profundus digitorum, or flexor 
perforans {fl.p^d)^ a large muscle, the chief flexor of the 
digits, and made up by the imion of four heads — 

{a). The superficial head arises from the inner con- 
dyle of the humerus just posterior to the origin of the flexor 
carpi radialis, and in common with thepalmaris {§ 424) : cut 
it through near its origin and reflect. 

{b). The ulnar head lies deeper than and anterior to 
the foregoing, by the reflection of which it is exposed : it 
arises from the inner condyle of the humerus in common 
with the flexor sublimis (§ 425). 

{c). The radial head arises from the proximal part of 
the posterior surface of the radius. 

{d). The middle head arises from the posterior surface 
of the ulna. The four heads unite at the distal end of the 
fore-arm to form a common tendon, the insertion of which 
is best seen at a later stage of the dissection (§ 427). 

424. The palmaris (//), a small, slender muscle arising 
with the superficial head of the deep flexor from the inner 
condyle of the humerus and passing into a long tendon 
which becomes lost in the palmar fascia^ or sheet of 
connective tissue covering the ventral surface of the manus, 
sending off also a small slip which is inserted into the 
ungual phalanx of the poUex : cut through and reflect 

425. The flexor sublimis digitorum {fl,s,d\ or flexor 
perforatus, lying immediately beneath the superficial head 
of the flexor profundus : it arises in common with the ulnar 
head of the latter from the inner condyle of the humerus, 
and divides distally into four tendons, which pass, superficial 
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and post-axial to the tendon of the flexor profundus, in 
the manus and along the ventral faces of the second to t 
fifth digits : each tendon divides at the base of the jiroxin 
phalanx into two slips which pass one on either side of t 
proximal phalanx to be inserted into the proximal end 
the middle phalanx ; cut through and reflect. 



Tlie tendon for the fifth digit haa in connection with il 
musde, ihe flexor brewia minimi digIti-(^./.^.»(.), which «i 
partly from it, partly from the pisiform bone, and joi: 
again at its distol end. A similar muscle, the flexor brevis poHld 
{Jl.f.p.), arises from llie annular ligament and is inserted in 
of the flexor profundus going to the pollex. 

426. The retinacula (r), transverse tendinous band! 
which keep the flexor tendons in place ; there is t 
the metacarpo-plialangeal articulation, formed by s 
pansion of the tendon of the flexor sublimis, 1 
to the joint between the proximal and middle phalanga 
and another distal to the same joint. 

427. The insertion of the flexor profundus : its tendo 
spreads out into a broad stout sheath lying immediald 
dorsal to the tendons of the superficial flexor: from H 
sheet five tendons are given off, one to each digit, ffl 
passing along the ventral face of the digit and being ins 
into its ungual phalanx : the tendons of the second to tf 
fifth digits pass between the two slips into which ^ 
corresponding tendon of the flexor sublimis is divided. 

428. Thelumbricales(/i, i, 2, 3), thieesmallspindle-shapedmiise 
arising from the ventral surface of llie tendon of the flexor probs 
at the place where it divides into slips for the second to the fiflh d^ 
they are inserted into Ihe proximal ends of the proximal 
on the pre-axial side of the third, fourth, and fifth digits respccti'c^ 

439. The abductor minimi digili {ali.d^), a small muscle lji»S'^ 
the ventral face of the fifth metacarpal ; it arises from the psiW 
bone, and its tendou joins with that of the superficial flexor p" 
tt> the gflh digit. 
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430. The interossei {ia), seen, by teilecttng the flexor profimdus willi 
the Itunbricales und the flexor miaimi digiti, as three pairs ol small 
muscles lying on the ventral faces of the second to the fourth metacarpals 
and one on Ilie pre'axiol side uF the iiflli metacarpal : they arise from 
the metacarpals. The two muscles of each pair are in close con- 
tact with one another for the greater pirt of theli extent, but 
separate distally to be inserted into the sesamoid bones at the mela. 
carpo' phalangeal articulation ; n small addition^ slip occurs on the 
post-axiaJ side of the second digit, and one on each side of the fourth : 
these are much smaller than, and arise ventrally to, the paired muscles. 

LIII, Dissect away the origins and insertions of any 
muscles still left attached to the shoulder- joint, 
I and make out : 

^^L 431. The capsular ligament surrounding the shoulder- 
^^Hoint : it consists of thin fibrous tissue, and is attached on 
^^Rhe one hand round the margin of the glenoid cavity 
^^■tmd on the other round the neck of the humerus: if 
^^nt has not already been cut, make an incision through it, and 
^^piiotice that it helps to bound a closed synovial cavity, 
[ between the two bones, lined by a delicate synovial 
membrane which secretes a small quantity of synovial 
fluid. 

432. A similar synovial cavity at the elbow-joint; the 
joint is further strengthened by strong lateral ligaments, 
which pass, one on the pre-axial side from the liuraerus to 
the radius, the other on the post-axial side from the humerus 
to the ulna. 

LIV. Make out the muscles of the hind limb, begin- 
^H ning with those which connect it with the trunk : 

^H On the ventral surface of the vertebral columii. 

^f 433, The psoas magnus (Ftg. 67, B, ps.m), a large 
muscle in the lumbar region passing longitudinally back- 
wards from the diaphragm to the thigh ; it arises from the 
last three ribs, the last three thoracic and all the lumbar 
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ad I 
FtG. 67. — Lepua cuniculua Muscles of the 
limb ; A, superncial, B, deep layer {X 1) 

In A the adjoining portions of tlie -ibdominal muscles are shown : in 
B these are removed so as to show the muscles □□ the ventral lace ol 
the vertebral coliimn. 

ai/.i, adductor brevis: atl.l, adductor longos : aJ.m, eddactomagoiB, 
its Qbres Repaialed in B to bLow the setni-tendinosus : ex.cii, eltensK 
is digitorum ; ex,d. I, extensor piimi digiti : ^.d.c, flexor MS- 
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manis digltorom ; ^r, gracilis, removed in B with (he exception of its 
origin : gs'^, inner head of gastrocnemins ; l.a, linea alba, Ig.fa, liga- 
mentuDi patellae ; ob.ex, objiquus exterous abdominis : /e, pectinens : 
^!, plantaris : q.li, quadralus lunibornm : gu.i, auperficiaj head of 
rectus anticus : qu.l', its deep head: qu.2, vastus internus, mostly 
remDved in B ; ya.4, crureus : r.ab, reclns abdominis : sa, sattorius, 
removed in B : s,m, semi-mcmbrauosus : s.t, semi-tcndinosos : l.oih,. 
tendo Achillis ; tb.a, tibialis anticus. 

vertebrse : in its anterior half it forms the inner slope of the 
great longitudinal muscular ridge, which lies close to the 
middle line and has embedded in it the long transverse 
processes of the lumbar vertebrie : at about the middle of 
its course it turns outwards and is inserted into the lesser 
trochanter of the femur : its insertion is best seen after 
some of the muscles of the thigh have been removed (§ 448). 

434. The qaadratus lamborum {?.ffl), a large muscle 
lying just external to and having the same general direction 
as the preceding ; it forms the external slope of the muscular 
ridge mentioned above, as well as the whole of its deeper 
portion : it consists of two parts separated by the transverse 
processes of the lumbar vertebrae, the inner arising from the 
last five thoracic and all the lumbar vertebree, the outer from 
the five last ribs and corresponding transverse processes and 
from all the lumbar vertebr£e 1 it is inserted partly into the 
lumbar vertebra, partly into the pubic border of the ilium. 

435. The psoas parvus {ps.p), lying internal to about 
the posterior half of the psoas magnus : it arises from the 
bodies of the four posterior lumbar vertebrte, and is inserted 
into the pubis by a tendon which acquires a connection 
with Poiipart's ligament {p.lg). 

436. The iliacus (;7), a broad muscle, arising from the 
ventral faces of the last lumbar and first sacral vertebra, and 
passing obliquely outwards and backwards to be inserted, 
along with the psoas magnus, into the lesser trochanter 



(§448). 



In the thigh and hip. 

437. The fascia lata, or strong fibrous covering of ihs^ 
muscles of the thigh : it is especially thick on the outer side : 
dissect it away so as to expose the underlying muscle 
taking care not to injure any of the latter, some of whic 
are closely attached to the fascia. 

438. The sartorius (Fig. 67, A, sd), a small flat mt 
on the inner face of the thigh, about midway between.? 
anterior and posterior borders : it arises from the middle 
Poupart's ligament, and passing obliquely outwards Me 
with the anterior edge of ihe gracihs (§ 439). 

439. The gracilis (sr\ a large thin sheet of 
covering the greater part of the posterior half of the is 
surface of the thigh: it arises from the whole of 
symphysis pubis, and passes distally into a broad fa 
which is inserted into tlie upper part of the inner (pre-aa'sl) 
border of the tibia : separate it from the underlying muscles, 
cut it through, and reflect along with the sartorius. 

440. The quadriceps (Figs. 67 and 68, qu), or great 
extensor of the crus, a very large muscle forming the anterior 
part of the thigh : it consists of several i>arts — 

(a). The long or superficial head of the rectus 
anticus {qu.\), forming the anterior edge of the thigh; it 
arises from the pubic border of the ilium, and is inserted by 
a strong thick tendon, the ligamentum patellae {/^j«). 
in which the patella is embedded, into the crest of the tibia : 
carefully separate it from the underlying muscles, cut through 
and reflect. 

On the doreal snrface of the Ihigli the edge of the rectus is prodwti 
near its proximal end, into a 5omew!u.t seniicircuJaJ' expansion n1ucl< " 
inserted into Ihc fascia lata : this represents «hal Ls usually a sejuw" 
muscle, tlie tensor vaginae fcmoris or tensor fascia latK. 

ifi). The vastus internus l^tt. z), occupying the space, « 
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fetter surface of the thigh, between the rectus anteriorly 
Ae sartorius and gracilis posteriorly : it arises from the 
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V side of the bind 



m. 6S. — Lepus cuniculus. Muscles of the qi 

SA, superficial, B, deep layer (X i). 

^.acetabulum: ad.l, adductor longus : ad.m, adductor magnus: 

Btoniular iigament : bi', snperficial head of biceps femoris : ^i", its 

rfiead, reflected in B to show its double origin : cl, calcaneum : 

'eiterrMi lateral ligament of knee : f-^fi, erector spinas : fi.d.c, 

in medius : <;l.mi, ;;Iuteus minimus: gni-a, gemellus anterior: 
gemellus [xislerior : gr, gracilis : q^, outer head of gastrocnemius, 
d aside in B to sbow the soleus : Ig.pa, ligajnentum patelli : 
, obliquus externus ; oi.i, obturator iuternus : pi, plantaris ; //, 
itens: pr, peronei (in A) : pr.b, peroneus tirevis: fr.d.^, peroneus 
ti digiti : fr.d.^, peroneus quinti digiti ; fr.l, peroneos longua : 
>yrifonnis ; qti-t, superficial head of rectus antictis : ?«. l', its deep 
L ; Qit-'i, superficial head of vastus externus ; qii.j', its deep head : 
1, qoadratQS femoris : r.ad, rectus abdominis ; s.m, semi-mem- 
loaus : Iff, soleus: A', tibia i ti.a, tibialis anticus : tr.l, great 
banter : tr.Z, third trochautar: iu.ii, tuber ischiL 
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neck of the femur, and at its distal end joins the rectus inihe 
ligaraentum patellse : cut through and reflect 

(c). The principal or super^cial head of the vastus 
extemus {^"-s), situated just poEterior to the rectus 
anticus on the outer surface of the thigh : it is the 
head of the quadriceps : it arises from the neck of the femi 
and from the great trochanter, .ind passes distally into 
common tendon of the quadriceps or ligamcntum patelte, 

(if). The short or deep head of the rectus anticu? 
(yH. i^), a cylindrical muscle lying along the inner or pre-ajial 
side of the vastus extermis, by which it is partly enwrapped: 
it arises from the posterior part of the pubic border of the 
ilium, and passes distally into the common tendon of the 
quadriceps. 

(e). The accessory or deep head of the vastus 
externus (p«.3^), a flattish muscle, lying between the 
concave inner face of the superficial head and the crureus 
(see below) i it arises from the femur close to the origin of 
the superficial head, and distally joins the ligaraentum 
patellae : cuti through and reflect both heads of the vastus 
externus and the short head of tlie rectus. 

(/). The crureus (?«.4), arising from the shaft of the 
femur, the anterior (dorsal) surface of which it covers, and 
passing distally into the commom tendon of insertion of ths 
quadriceps : detach it from its origin and reflect. 

441. The biceps femoris (i/), covering the posterior 
half of the outer side of the thigh and forming the chia 
flexor of the cms : it has two heads, of which the fint « 
anterior head (/'<') arises by a wide flat tendon from the 
three posterior sacral and the three anterior caudal verlebrffi 
and passes outwards, gradually diminishing in breadth fl'"' 
becoming sub-cylindrical: the second or posterior hM*! 
(&'') arises from the posterior i>art of the tuber Uchii i" 
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common with the adductor magmis (§ 443), and passes 
outwards, widening as it goes ; the two heads unite, and are 
inserted by a strong and exlensive fascia into the distal end 
of the femur and proximal end of the tibia. Cut through 
both heads and reflect : it will he seen that the posterior 
head has a second origin in the form of a flat tendon arising 
in common with the semi -mem bran osus (§ 442) from the 
anterior end of the tuber ischii. 

442. The semi-membranosus {s.m), forming the 
posterior edge of tlie thigh ; it arises from the tuber ischii in 
common with the accessory tendon of the posterior head of 
the biceps, and is inserted by the same fascia as the gracilis 
into the proximal part of tlie pre-axial border of the tibia '■ 
from the distal end of its posterior edge proceeds a long 
tendon which passes along the inner side of the shank and 
joins the tendo Achillis (§ 460) : cut through and reflect 

443. The adductor magnus {ad.m), a large fleshy 
muscle in the posterior region of the lliigli, fully exposed by 
the removal of the gracilis, which covers its inner face, and 
of the semi-membranosus and biceps, which cover its outer 
face : it arises from the posterior edge of the ischium and 
tuber ischii, and is inserted into the inner side of the distal 
end of the femur and inner condyle of the tibia. 

444. The semi-tendinosus {s.t), seen by separaring 
the fibres of the adductor magnus in which it is embedded : 
it is a long spindle-shaped muscle, arising from the tuber 
ischii and inserted by a long tendon, which emerges from 
the adductor magnus near the distal end of its outer surface, 
into the inner condyle of the tibia : cut through and reflect 
l}Oth semi-tendinosus and adductor magnus. 

L445. The adductor longus {ad.l), a large, somewhat 
mgular muscle, forming the main part of the mass of flesh 
nl left posterior to the femur : it arises from the whole of 



3S8 ZOOTOMY. 

the symphysis pubis, and is inserted inio about the middlt 
third of the shaft of the femur. 

446. The adductor brevis {ad.b), a small, flat musde 
situated just anterior lo the inner two-thirds of the ptececl- 
ing : it arises from the anterior end of the symphysis pabis, 
and is inserted by a broad tendon into the shaft of ilie 
femur. 

447. The pectineus (pc), a small muscle sitiuled 
immediately in front of the preceding, which it resembles 
in shape and size : it arises from the pubis just in front of 
the symphysis, and is inserted into the shaft of the femui; 
cut through and reflect it as well as the adductores brevis 
and longus. 

448. The insertions of the psoas magnus (§ 433) and 
iliacus (§ 436) are now exposed : divide both muscles neai 
[heir insertion and reflect. 

449. The gluteus maximus {gl.ma), covering the ouwi 
or gluteal surface of the ilium : it arises by a broad fascia 
from the ischial border of the ilium and from the sacrum ; 
anteriorly it becomes inseparably united with the rectus 
amicus, posteriorly its origin is covered by the anterior head 
of the biceps : it consists of two parts, one lying maiiilf 
external to the pubic border of the ilium and having ^^ 
fibres directed longitudinally, the other at about the level of 
the acetabulum and having its fibres directed transversely' 
the two portions unite with one another and are inserted 
into the third trochanter ; detach from its origin xoA 
reflect. 

450. The gluteus medius {gl.me), exposed by« 
of the preceding ; it arises from the supra-iliac a 
borders of the ilium and from the sacrum : its fibres B 
directly backwards, and are inserted into the great trochanHI 
detach from its origin and reflect. 
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. The gluteus minimus {gl.mi), exposed by the 
^tion of the preceding : it arises from the whole gluteal 
fossa of the ilium from its supra-iliac and iliac borders and 
from the first sacral vertebra 1 it is inserted into the great 
trochanter 

452. The pyriformis {/_)'), a triangular musde, lying 
immediately posterior to the gluteus minimus : it arises from 
the second and third sacral vertebras, and passes directly out- 
wards to be inserted into the great trochanter, beneath the 
insertion of the gluteus medius, and posterior and dorsal to 
that of the gluteus minimus : divide and reflect ; also detach 
the gluteus minimus from its origin and reflect. 

453. The quadratus femoris {q.fm), a small stout 
muscle lying parallel to the inner edge of the adductor 
longus : it arises from the tuber is chii, and is inserted into 
the posterior (ventral) side of the shaft of the femur at about 
the level of the third trochanter : divide and redect. 

454. The obturator internus {ob.i), a fiat muscle 
arising from the dorsal or inner aspect of the obturator 
foramen, and passing first upwards, then outwards and for- 

firds, to be inserted into the trochanteric fossa: to see its 
^n the caudal vertebras should be pressed aside. 
455. The gemelli, two very =raall muscles in connection with tlie 
■jM-eceding ; tbe gemellus anterior (fwi.a) arises rrum the dorsal edge 
of the iscbium and parlly covers the anterior edge of the obturator 
internus ; the gemellus posterior {gl.p) arises from ihe tuber ischii 
End covers its posterior border ; both are inserted into Ihe tendon of the 
■jbturator intemns. 

456. The obturator extemus, arising from the outer 
or ventral aspect of the obturator foramen, and inserted by a 
strong tendon into the trochanteric fossa : detach the 
<3bturatoreB from their origin and reflect. 



In the shank and foot. 

457. The tibialis anticus {Figs. 67, 68, and 69, /<^.u), 1 
forming the anterior border of the shank : it arises from I 
the outer tuberosity of the tibia and from its cnemiii I 
crest, and is continued distally into a long tendon, i 
passes under a strong annular ligament (an./) placed I 
obliquely at the distal end of the anterior surface oflhel 
femur : entering the foot the tendon of the tibialis anticus is 1 
inserted into the proximal end of the second (apparent iiisl) I 
metatarsal ; divide and reflect, first separating carefully from I 
the next muscle. 

45S. The extensor communis digitorum {«.cJ)il 
situated between the tibia and the tibialis anticus, aodl 
closely applied to tlie latter : it arises by a long tendon ftorfc J 
the anterior surface of the distal end of the femur just' 
external to the intercondylar notch ; to see this origin tlic 
tendon must be traced through the capsule of the knee- 
joint (§ 474) ; distally the muscle divides into four tendons^ 
which pass through the annular ligament, then througli ^* 
similar but smaller loop on the dorsal surface of the caipu^' 
and are inserted into the phalanges of the four digits in tl»^ 
same manner as the corresponding muscle of the hm*3 
(§ 416) : divide and reflect. 

459. The extensor digiti primi (properly secondi) 
(ex.i.\), arising from the inner tuberosity of the tibia,aa*^ 
passing along the inner aspect of the cms, at about ll»^ 
middle of which it becomes tendinous : this tendon runsi»^ 
a groove on the pre-axial side of the distal end of the tibi3» 
beneath (ventral to) the curved proximal end of the secon*' 
metatarsal, curves over to the dorsal side of the latter, aB<^ 
unites with the first tendon of the common extensor on tl»« 
dorsal surface of the proximal phalanx ; divide and reflecl. 

460. The gastrocnemius {qs), a large two-heade« 




. £9- — L'pus cuniculus. Muscles of the -pes : A, dorsal, 
entral (nat size), 

■5, the digits: ex.i:.ii, extensor communis digitocum ; fx.d.l, 
W primi (properly secoDdiJdigiti \^.d. t, Rexai communis digitonuu : 
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fl.d.^, its tendon to the second digit, in great part removiid to show tlic3 
interossei : fl.d.^, its tendon io the Gfth digit : i.o, inlerossei ; fi.J 
Ih.l, ii.j, lumbriodes : ^/, planlaris : pt', its tendon to the second cli^ 7] 
partly removed nnd with its distat end reflected ; p/*, its tendon ta llic 
fourth digit, partly removed, and having the sheath it fonni onr IIk 
metatarso-phalmgeixl articulation slit up and reflected right nnd Icfll 
fir.t, peroneus brevia r pr.d.^, peroneus quarti digiti : p-Jd.^, perontlB 
quinti digiti ; pr.l, peroneus longus : t.ach, teado Achillis, inserted into 
the calcancum : lbs, tibialis anticus : li, tibia. 

muscle forming the posterior surface of the shank: itta 
inner head {qs^) arises from the inner condyle of ll 
femur and pre-axial fabella (§ 94}, its outer head i^f^m 
from the outer condyle and post -axial fabella : the two hea' 
unite with one another and with the soleus (§ 461) to foB 
a large strong tendon, the tendo Achillis, which i 
inserted into the extremity of the calcaneum. 

461. The soleus (w), a small muscle seen by tuminf* 
aside the outer head of the gastrocnemius; it arises l)ja 
long tendon from the head of the fibula, and joins the 
gastrocnemius to form the tendo Achillis. 

462. The plantaris {pi), a large muscle, the proiinii 
fleshy part of wliich is enwrapped by the gastrocnemius, froS 
which it must be carefully separated : by dividing s 
reflecting the gastrocnemius and soleus, the plantaris is se 
to arise from the posterior surface of the femur immedialW 
proximal to the outer condyle and from the post-axial fabel 
at about the middle of tlie crus it passes into a strong ^ 
tendon, which curves round to the posterior side of the tei* 
Achillis and over the end of the calcaneum to reach the s(#J 
of the foot ; the tendon divides into four slips, which art 
related to the digits in the same way as those of the He"" 
sublimis to the digits of the manus (§ 425): divide u"l 

463. The popliteus {pp), or rotator of the Icnee, \p% 
obliquely across the back of the knee-joint : it arises bT 



THE RABBIT. 363 

a strong tendon from the outer condyle of the femur, passes 
backwards beneath the external lateral ligament (§ 474), and 
curves round the posterior surface of the proximal end of 
the tibia to be inserted into the pre-axial edge of that 
surface : divide and reflect. 

464. The flexor digitorum communis {fi.d.c), closely 
applied to the posterior surface of the tibia ; it arises from 
the outer tuberosity of the tibia and from the head of the 
fibula i its tendon enters the foot to tlic inner or pre-axial 
side of the calcaneum, then expands and divides into two, 
each subdivision soon dividing again ; the four slips thus 
formed have the same relation to the digits as those of the 
flexor profundus to the digits of the manus (§ 427). 

465. The lumbricalea (/i), three very small spindle-shaped muscles 
arising from the tendon of the preceding, and inserted on the pre-aiial 
sides of the proximal ends of the proximal phalanges of the third, fourth, 
and fifth digits respectively. 

466. The peroneus longus {pT.l), a long, slender 
muscle arising from the outer tuberosity of the tibia : it 
passes into a long tendon which traverses a groove on the 
post-axial side of the distal end of the tibia, and is inserted 
into the cuboid : divide and reflect. 

467. The peroneus brevis [_pr.h), arises from the outer 
tuberosity of the tibia, partly united with the peroneus quarti 
digiti ; its tendon accompanies that of the peroneus longus, 
and is inserted into the proximal end of the fifth (last) 
metatarsal. 

468. The peroneus quart! digiti {pr.d.\), arises from 
the shaft of the fibula, being united at its origin with the 
preceding : its tendon enters the foot with those of the 
other peronei, and is inserted into the distal end of the fourth 
(apparent third) metatarsal. 

J69. The peroneus quinti digiti {pr.d.^), arises from 



the head of the fibula, united with the preceding: its 
passes with those of the other peronei into the foot, and 
inserted into the distal end of the last metatareal. 

470. The InterossEi (i.n) have the same general dispoationxtk 
of ihc manus (§ 430), Ihere being a pair on the ventral or planlat ai* 
each metatarsal : there are ^.Iso two very slender slip^ one on I 
post-axis,] side of Lhe second (apparent first), another on Ihe jie4I 
side of the fuurtb melatarsaL 

LV. Dissect away the origins and insertions of n 
muscles still left attached to the hip and bx 
joints, and inak« out : 

471. The capsular ligament of the hip-joint, a mo 
brane attached on the one hand just external to 
the acetabulum and on the other round the neck of ll 
femur : partly remove it so as to see the synovial carfl 
which it helps to enclose. 

472. The ligamentum teres, exposed by the severaB 
of the capsular ligament : it is a strong band 1 
passing from the bottom of the acetabulum to the pit on 9 
head of the femur (§ 93). 

473. The cotyloid ligament, a rim of fibro-cartilage attached v 
the edge of the acetabulum. 

474. The capsular ligament of the knee-joint, bounO-^ 
ing its synovial cavity, which will have been opened m 
tracing the tendon of the extensor communis digilorum ; 1' 

is strengthened in front by the ligamentum patell* 
already seen (§ 440), and at the sides by the internal Mii 
external lateral ligannents, which pass respectively from 
the inner and outer tuberosities of the femur to the cor- 
responding tuberosities of the tibia. 

475. The inter-articular ligaments, extending be- 
tween the actual articiUai surfaces of the femur and tibial 



THE RABBIT. 365 

and connecting the semi-lunar cartilages (§ 97) with one or 

other bone. 

The posterior ligament extends from the inner (post-axial) face of 
the internal condyle of the femui obliquely downwards to about the 
middle of the posterior edge of the articular surface of the tibia : the 
anterior crucial ligament extends from the inner (pre-axial) face of 
the external condyle of the femur to the anterior part of the articular 
surface of the tibia, near the middle line : the posterior crucial 
ligament extends from a point within the external condyle of the femiu' 
and immediately proximal to the attachment of the posterior ligament, 
obliquely downwards and outwards to the posterior end of the post- 
axial semi-lunar cartilage ; it is continued from the anterior end of the 
same cartilage, passes inwards in front of the tibial attachment of the 
anterior crucial, and is attached near the inner border of the articular 
surface of the tibia : the internal or pre-axial semi-lunar cartilage has a 
ligament at its anterior end which crosses in front of the posterior 
crucial to be inserted into the articular surface of the tibia near the 
middle of its anterior region ; a similar ligament from the posterior end 
of the cartilage is inserted immediately in front of the tibial attachment 
of the posterior ligament. 

LVI. In the brain, dissect off the jiia mater, taking 

special care not to remove the nerve roots (§§ 

488-495) or the arteries (§ 476) with it : the latter 

may, however, be removed as soon as seen. 

Make out the following points without further 

dissection : ^ 

476. The circle of Willis, an arrangement of arteries 

on the base of the brain, due to the anastomosis of the 

vertebrals and internal carotids, and forming a sort of 

hexagonal figure round the optic chiasma (§ 486), infun- 

dibulum (§ 485), and corpus mammillare (§ 487). 

The' vertebral arteries, entering the foramen magnum, unite on the 
ventral surface of the medulla oblongata (§ 477) to form the median 

^ It is best, if possible, to dissect two brains simultaneously, one 
fresh, the other well hardened : if only one is used, it should be only 
moderately hardened — say in alcohol of about 70 per cent. 
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longltiidinat basilar artery : this posse; forwards, sending off brancte 
to ibe medulla oblongata and cerebellum (5 478), and just anterior ta 
ihe pons Varolii (g (79) bifiircales, forming the paired poalerior 
cerebral arteries : tlie internal carotids reach the base of the brain «t 
about the ievel of the optic chiasina, and each divides into the anterior 
cerebral artery directed inwards and forwards, and the middle cere- 
bral directed outwards : the " cu-cle " is completed by the two anlciiot 
cerebrals uniting to form a median trunli viliich passes forwards tiecu'cen 
the cerebral hemLipheres, and by the union of each internal carotid to 
Ihe corresponding posterior cerebral by a slender posterior zom- 
muoicatioE: artery. 

477. The medulla oblongata, directly continuous 
with the spinal cord through the foramen magnum, and 
resting, when in the skull, on the basi-occipital. It is 
composed externally of white matter, and is marked on its 
upper and lower surfaces respectively by the dorsal and 
ventral fissures, continuous with the similar and similarf^J 
named structures in the spinal cord ; on each Mae of the J 
ventral fissure is a narrow longitudinal elevation, the ventral ■ 
pyramid (Fig. 70, T.p), immediately external to the anterior J 
part of which is a band of transverse fibres, the corpus trft- 1 
pezoideum {c/s} -. posterior to each corpus trape2oideiiin.« 
and bounded internally by the ventral pyramid, i 
[ol.l') answering to the olivary body of the higher man 
malian brain : on each side of the dorsal fissure is tf 
narrow dorsal pyramid (Fig. Ti,d.p), of which at preserf 
only a small part is seen (see § 522) : external to this, ai 
forming the dorso-lateral region of the medulla, is i 
corpus restiforme {c.rs). 

478. The cerebellum {cb), on the dorsal side of tl 
medulla oblongata ; a greatly convoluted body, compo 
externally of grey matter, and consisting of a central loll 
or superior vermis {ci'^), two lateral lobes {cli'),Bi 
two irregular globular bodies (flocculi, _/^), each of w 
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rejects laterally outwards from the correspondbg lateral 
)be, and fits into a deep pit in the cranial wall of the periotic 
'me (§ 56). 

I 479. The pons Varolii {p.va), a strong band of white 
Ibres running transversely across the anterior part of the 
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Fia. 70, — Lepus cuniculua. The brain from beneath (nat. size). 

cS', lateral lobe of cerebetliun : c.h^, frontn.1, nnd c.k'', temporal, lobe 
of central hemisphere : c.ma, corpus mammillare : c.h, corpas trape- 
zoideum : fi, flatxulns : m.o, medulla oblnngata : o.ch, optic chiasms ; 
ol.b, olivary body ; olf, olfactory lobe ; i)./r-,\optic tract ii^y, pituitary 
body: /.Ml, pons Varolii: v.p, ventral pyramid : ./T^jV//, roots ot 
cerebral nerves : j/^, Erst spinal nerve- 
ventral surface of the medulla oblongata immediately in 
front oi the ventral pyramids and corpora trapezoidea ; it 
ends in front in a fonvardly curved mai^in, and is marked 
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by a median groove, continuous with that of the medulla, 
and lodging the basilar artery. Laterally, the fibres of 
the pons bend upwards and enter the cerebellum, forming 
its middle peduncles. 

480. The crura cerebri {c,c), two strong diverging bands 
of white fibres on the ventral surface of the brain, pro- 
ceeding forwards and outwards from the anterior edge of 
the pons Varolii. 

481. The cerebral hemispheres {€.h\ two large 
masses which constitute the greater part of the brain : they 
are closely applied to one another along their flat inner 
faces ; broad and somewhat truncated posteriorly (parietal 
lobes), where they abut against the cerebellum; pro- 
duced into a blunt point anteriorly (anterior or frontal 
lobes, chPj ; and produced downwards into the prominent 
temporal lobes {c,h^) which partly overlap the crura 
cerebri. Where the temporal becomes continuous, ven- 
trally, with the frontal lobe is a slight angulation, the 
rudimentary Sylvian fissure. The surface of the hemis- 
pheres is formed of grey matter, and is smooth except for 
one or two slight depressions or sulci. 

482. The corpus callosum {cp.cl)^ seen, by slightly 
separating the hemispheres from one another above, as a 
strong white transverse band, connecting them with one 
another along the middle third of their length. 

483. The pineal body {pn) and a portion of the optic 
lobes (p.P-,o,fi) (§§ 517 and 519) are seen on the dorsal 
surface of the brain, between the cerebrum and cerebellum. 

484. The olfactory lobes {olf), two knob-like bodies 
of grey matter proceeding forward from the anterior part of 
the ventral surface of the hemispheres, and connected by a 
strong white band with the anterior edge of the temporal 
lobe. They fit into the deep olfactory fossae of the skull, 
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and from tlieir lower and front surfaces are given off the 
filaments of the first or olfactory nerve. 

485. About the centre of the base of the brain, between 
the temporal lobes of the cerebral hemispheres, is a slight 
elevation pierced in the centre hy a small' aperture ; the 
elevation is the infundibulum ; to it is attached in the 
perfect state of the brain the oval, vascular pituitary 
body (fly), which in removing the brain is almost always 
left behind in the sella turcica {§ 48). 

486. Immediately in front of the infundibulum is a 
strong, curved, transverse band of white fibres, giving 
off from its convex anterior margin two strong nerves. 
The latter are the optic nerves (//) : the transverse 
band is constituted by the two optic tracts {o.tr), 
which, together with the nerves, form the optic chiasma 
{o.ch). 

487. The corpus mammillare {c.ma), a rounded eleva- 
tion immediately posterior to the infimdibulura, in the angle 
between the crura cerebri. 

488. The oculomotor nerves (third pair, ///), arising 
one from each cms cerebri, slightly posterior to the corpus 
mammillare. 

489. The pathetic nerves (fourth pair, IV), arising 
from the anterior part of the dorsal surface of the medulla 
oblongata (valve of Vieussens, § 523), and passing outwards 
and downwards between the cerebrum and cerebellum to 
reach the ventral surface of the brain ; their origm will be 

:st seen at a later stage. 

490. The trigeminal nerves (fifth pair, V), arising 
the postero-extemal region of the pons ; each consists 

of two roots, a large external settsory, and a small internal 
motor root. 

The small abducent nerves (sixth pair, VI), 
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arising from the external edges of the anterior pyramids of 
the medulla, just posterior to the pons. 

492. The facial nerves, or portiones duree (sevenih 
pair, V//), arise from the lateral regions of the ventril 
surface of the medulla, just posterior to the corresponding 
nerves of the fifth pair ; tlieir fibres pass directly outwards. 

493. The auditory nerves, or portiones molles 
(eighth pair, VIJI), arise close behind and slightly external 
to the facials ; each divides immediately into two la^e 
trunks, which pass outwards, parallel with the correspondii^ 
seventh nerve. 

494. The glossopharyngeal nerves (ninth pair, IX\ 
vagi or pneumogastric nerves (tenth pair, X\ anii 
accessory nerves (eleventh pair, XI'), arise, in the order 
mentioned, from the lateral regions of the medulla, just 
posterior to the cerebellum, and so close to one another thJt 
they may easily be mistaken for a single pair. If a sufficient 
length of the spinal cord has been removed along with the 
brain, the accessory will be seen to be formed by a slender 
nerve which arises from the spinal cord slightly posterior lo 
the fifth spinal nerve, and passes forwards, receiving fibres 
from the cord as it goes, between the dorsal and ventnl 
roots of the first five spinal nerves. 

495.' The hypoglossal nerves (twelfth pair, XII) 
arise from the external edges of the anterior pyramids of 
the medulla, sUghtly posterior to the three preceding nerves ; 
each is formed by the union of several strands, which closely 
resemble those of the ventral root of a spinal nerve. 

LVII. Place the brain with its dorsal side upwards, 
and carefully remove successive slices from one of 
the hemispheres parallel to its upper surface, until 
the upper surface of the corpus callosum is reached 
(be careful not to go beyond this point, 01 soiik 




— Lepua cuniculus. Two dissectioiu of tlie brain, fi-om 

In A the left cerebral hemisphere is dissected down to the level of the 
corpus callosmu ; on the right side the lateral ventricle is exposed. la 
B the cerebral hemispheres are dissected down to a little below the level 
of the anterior genu of the corpus calloamn : only the frontal lobe of 
the left hemisphere is retained, of the right a portion of the temporal 
lobe also Is left : the velum interpositum and pineal body are removed, 
as well as the greater part of the body of the fomii, and the whole of 
its left posterior pillar : the cerebellum is removed with the exception of 
a part of its right lateral lobe. 

a.ca, anterior commissure ;0._/&, anterior pillar of fomii : a,pn, anterior 
peduncles of cerebeilum : i^,i:bodj' of fornix: ^S^, superior vermis 
of cerebellum ; cP, its lateral lobe : r.^, corpus genicnlatnm : c,A, 
cerebral hemisphere : ci.fl, choroid plesos : cfi.el, corpus callosura : 
cp.i, corpus striatum : c.rs, corpus restifonae : d.fi, dOTsal pyramid : 
^ flocculus : hp,m, hippocampus major : m.co, middle commissure : 
o./*, nates ; a.P, testes t o.ik, optic Ihalamus : e.tr, optic tract : p.io, 
posterior commissure : p.fi, posterior pillar of fornix : /n, pineal body ; 
fd,pn, peduncle of pineal body : p.pn, posterior pedunclei of cere- 
beUiim : p.va, fibres of pons Varolii forming middle peduncles of 
cerebeUora ; sp.bi, septum lucidum \ sl.l, stria longitudinal is : t.s, Ixnia 
semicircularis : v.vn, valve of Vieussena ; s.^, third ventricle; v.^ 
li ventricle. 
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of the structures in the lateral ventricle, § 49S, 
may be injured). Note : 
496. The central mass of white matter in each hemisphere, 
and the superficial grey matter. 

497^ The fibres of the corpus callosum, passing horizon- 
tally outwards on each side, those in front cun'ing slightly 
forwards, those behind slightly backwards, to enter the sab- 
stance of the hemispheres {Fig. 71, A, cpxl). Near the middle 
line the surface of the corpus callosum is marked by two fine 
white longitudinal lines, the stride longitudinales {U.l). 
LVIII. In laying bare the corpus callosum, a cavity, the 
lateral ventricle (g 498) will probably have been 
cut into : if not, carefully scrape away the brain 
substance near the centre of each hemisphere, 
about a quarter of an inch external to the pos- 
terior boundary of the corpus callosum, until tlie 
cavity is met with ; Uft up the edges of the 
aperture, and ivith fine scissors cut away the 
roof of the lateral ventricle, including the corpus 
callosum, so as to expose the whole cavity on 
the one side, to within one-sixteenth of an inch 
of the middle line of the corpus callosum. 
Make out 1 

498. The lateral ventricles (Fig. 71, A, right side), or 
cavities of the cerebral hemispheres, each of which is widest 
in the middle (body of the lateral ventricle), tapers off 
almost to a point anteriorly (anterior cornu), and ends 
behind somewhat bluntly. 

499. The hippocampus major {I'p.m), a large white 
eminence, of nearly semicircular section, forming the floor 
of the body of the lateral ventricle, and extending outwards 
and backwards : internally it passes into an area, the lyra, 
by which it is united with its fellow of the opposite side 
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. The septum lucidum {_sp.iu), a somewhat tri- 
body, formed externally of grey matter, lying 
jeneath the anterior end of the corpus callosum and 
immediately in front of the anterior end of the hippo- 
campus : it forms the inner wall of the anterior comu of 
the lateral ventricle. 

501. The choroid plexus (ch.pi), an extremely vascular 
membrane lying In a depression just in front of the hippo- 
campus major, and passing beneath the corpus callosum 
to join its fellow of the opposite side through a transverse 
passage, which puts the third ventricle {§ 513) in com- 
munication with the lateral ventricles ; this passage is the 
foramen of Monro. The connection of the two choroid 
plexuses through the foramen of Monro is best seen by 
exerting a slight traction on one of them. 

502. The corpus striatum {rp.s), an eminence of grey 
matter forming the floor of the anterior cotnu of the 
lateral ventricle, and separated from the septum lucidum 
and hippocampus major by the depression in which the 
choroid plexus lies. 

kLIX. Dissect the other hemisphere in the same way, 
observing the same points again, and noting further : 
03. The connection of the corpus callosum with the 
erlying parts of the brain, namely with the lyra behind 
and with the septum lucidum in front. 

504. By dividing the coq)us callosum transversely, care- 
fully separating its two ends from the underlying parts and 
reflecting them, it is seen to bend slightly downwards at its 
anterior end, forming the anterior genu, while at its 
posterior end it bends sharply downwards and then forwards, 
forming the posterior genu. 

505. By the removal of the corpus callosum the septum 
lucidum is found to consist of two layers, between which is 
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included a space answering to the fifth ventricle of the 

higher mammalia, but evidently a portion of the space 
between the right and left hemispheres.' 

LX. Trace the course of the liippocampus major by 

carefully cutting away the outer part of the temporal 

lobe : note ; 

506. The descending cornu of the lateral ventricle, 
exposed by the removal of the outer wall of the temporal 
lobe ; it passes first almost directly outwards, then down- 
wards, and finally inwards and forwards. The hippo- 
campus major is continued the whole distance along ils 
inner wall. 

507. The posterior pillar of the fornix (Fig. 71, E, 
p.fo), a flat white band forming the projecting anterior edge 
of the hippocampus major, and continued with the latter 
into the descending cornu. Anteriorly it becomes con' 
nected with its fellow of the opposite side just behind the 
septum lucidum, forming the body of the fornix. 

508. The taenia semicircularis (t.s\ a thin band of 
white matter, just in front of the posterior pillar of the 
fornix, and forming a sort of bed for the choroid plexus. 

509. The fissure of Bichat, a sht-Ulce space between 
the tEenia semicircularis and the posterior pillar of the 
fornix; it leads on to the under surface of the brain, 
between the anterior and inner edge of the temporal 1 
and the optic tract 

LXI. Make a transverse incision through the bodf ii 
the fornix, immediately over the foramen ^ 

' Iq the higher mammalia, e.g. man, the septum lucidnm b 
very thin and tranatucent, whence its name, and, the unlerior ^ 
the corpus cajiosum being very well developed, and tarning round the 
anterior edge of the septum lucidum, the latter takes on the fonn of 1 
double membrane, situated between the corpus callosum above and la 
front, and the body of (he Toniix (3 507) behind. 



r Of the 
.e brain, 
>ral lolM 

bodrifl 
Lmen ^^| 

> becj^l 
ir geno^^" 



J 




THE RABBIT. 375 

Monro, cutting down to tlie latter : from the 
middle of tills cut fake a longitudinal incision 
backwards through the lyra ; press aside the 
posterior portion of the hemispheres, now com- 
pletely separated from one another, and make 
out: 

510. The hippocampal sulcus, a deep, curved groove 
the inner face of the temporal lobe, corresponding 

with the elevation of the hippocampus major. 

511. The velum interpositum, a delicate vascular 
membrane, continued backwards from the conjoined choroid 
plexuses, and forming a roof to the third ventricle (§ 513). 

512. Tlie Optic thalami {oM), large masses of mixed 
grey and white matter, separated in front from the corpora 
striata by the depression in which the taenia serai circularis 
lies, and covered dorsally by the velum interpositum. 

513. By removing the velum interpositum the third 
ventricle {v.^) is exposed ; it is a median vertical fissure, 
with which the lateral ventricles communicate, anteriorly, 
by the foramina of Monro. 

514. The anterior commissure {a.cd), a narrow band 
of white fibres, ijassing transversely, immediately in front of 
the third ventricle, between the corpora striata. 

515. The anterior pillars of the fornix {a.fo), a 
pair of delicate, vertical, white "bands {cut short by the 
severance of the body of the fornix), which pass directly 
downwards immediately posterior to the anterior com- 



5r6. The middle or soft commissure {m,co), a wide 
mass of grey matter, passing between the optic thalami 
nearly level with their dorsal surface, and, in an upper view, 
almost obliterating the cavity of the third ventricle. 

517. On the upper surface of the hinder half of each 
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optic thalamus is a thin white band, the peduncle of the 
pineal body {p-fn): the two peduncles join with one 
another at the posterior boundary of the thalami, and are 
continued into a flat band about a quarter of an inch 1 
which ends at the posterior boundary of the cerebral hemis- 
pheres in a rounded vascular mass : this is the pineal 
body : it rests on the dorsal surface of the optic lobes. 

518. The posterior commissure {p.co), seen by 
turning aside the stalk of the pineal gland : it is a delicate 
transverse band of white fibres, somewhat smaller than the 
anterior commissure, connecting the thalami with one 
another just below the junction of the peduncles of the 
pineal body, 

519. The optic lobes, or corpora guadrigemins 
[oJ), two pairs of rounded elevations, composed external^ 
of grey matter, and lying immediately above the crurai 
cerebri, and bounded by the optic thalami in front and' 
by the cerebellum behind. The anterior larger pair i 
regularly ovoidal in shape, and are called the nates (o.l^); 
the posterior pair, or testes {o.l% are transversely elon-; 

■ g^ted, and lie at a lower level than the nates. 

■ 520. By removing the remainder of the temporal lob(i 
I of one side, the optic tracts {o.fr, §486} are see 
I round the antero -external corner of each optic thalamus 
I from the chiasraa, and then to pass backwards and ii 
I to the nates. 

I 521. The corpus geniculatum {cgn), a small rotmdt 

I elevation on the external surface of the optic thai 

I immediately posterior to the optic tract. 

^L LXII. Cut away the whole of the central part of tl 

H cerebellum, leaving only its points of attachment 

H at the sides,' to the medulla oblongata. Note : 

^B 22, The fourth ventricle (z^.4), a flat, lozenge-shapc 
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Eded laterally by the dorsal pyramids of the 
i roofed in by the cerebellum and the pia 
mater. Its floor is marked by a median groove, ending 
posteriorly in a pointed depression, the calamus scrip- 
torius, which leads into the central canal of the spinal 
Hcord. 

^m 523. The valve of Vieuasens (w.Tiw), a thin transverse 
^Kand, forming a sort of ledge over the anterior end of the 
fourth ventricle, and connected by its anterior edge with 
the testes ; the fourth pair of nerves spring from its upper 
surface : beneath it is a small aperture leading into the 
aqueduct of Sylvius (§ 526), 

524. The anterior {a.^'i), middle, and posterior 
iP-P") peduncles of the cerebellum; the anterior connect 
it with the testes, and so bound the valve of Vieussens 
laterally; the middle are continuous on each side with the 
pons Varolii ; and the posterior connect it to the dorsal 
side of the medulla oblongata, and are the anterior ends of 
the restiform bodies. 

525. The arbor vitse, or tree-like appearance produced 

ra section of the cerebellum by the intermixtiu-e of its grey 
d white matter. 
LXIII. Pass a guarded bristle from the fourth ventricle 
through the aperture beneath the valve of Vieussens 
{§ 523), and cut doivn upon it by removing the 
optic lobes, so as to expose : 
526. The aqueduct of Sylvius (Fig. 72), or iter a 
tertio ad quartum ventriculum, a narrow passage by 
which the third and fourth ventricles are put in communica- 
rion with one another. It is bounded above by the optic 
lobes, below by the crura cerebri. 

527. Note at the same rime the absence of optic ven- 
tricles or cavities in the optic lobes. 
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-«a«i(, 35 



thigli:— JFoWif. 364. 
venebte:— .S'la^. 31, 33: C<ul, S3; 
Liiard, 131; Figam, lEC; Kiciiil. 

Arylcnald cantloge. jn lAr7D:r. 

Alias verubra:— GvA 89; J,itarJ, 133; 

/■l/i^OB, 1B6 ; Xabbit, rf?. 
Audilorj capiiilc;— iiuw/rnr, sr-Maie, 
34 ; C*/| 93 : Lizard, \ifi ; Pignm, 
193; Rabbit (perioticV 373. 
meUiia, exunal:— ^iwit, 331. 

oudcki -.—Raiiit, 177. 
Auricle, «rtf Heart. 

Aiii5 vcneb™ ;— iiBOnt 133; Pifim. 
1S5 ; Rabbit, i6j. 



BABnuLa:— C«i. 103. 

Bwal cuiiUge of iUu ;— •^.(nfi, 3 

Bosolc En«taplerygii or baaipl^n 

Stalt, 40. 
Baai-biauchiil, m Branchial ud 
Basi-hyol, f« Hyoid. 
Basi™ip:ial:-C«*; 9.;. ilia 



. Rabbil, 396. 

Liiord, 16B, 171 ; £abbii, 3cft, jm, 

node pvity, ai Ccetomt 

pIcKus, m undir Nerve pleras. 
Erain, remavnl of : — Jjtm^vty. 73; tS^tfl^, 
46; Crid^ iioiXuaral 176; Fwt, 
jar: Rabbit, ,gi. 



Lamfim, 13: 5. 



rraochiaiap 

uches :— .Siuir. 38. f* 

Raiui, 376. ' 
basket : — Lainfrty, 7. 
filiimenls, ue Gills. 
ms:—Stalt, fo. 



If aiW, 30B, 335. 

C 

Cacuu coli |— XJian/, iSf ; P!git»,t>i> 

nasal : — Lamfrry, ay 
oral: — Lamirtjf, aik 
Calamus scripiDriiu:— ^A>&, 71; ROiH- 

Qurtpanula Hatleri - — Cod, 139. 
tJi^diular krxi, m Vertebra. 
Carpiu, see MaQUB, skeleLaa of- 
Csnilages of (hull :—Lam/hrr. 6, }. 

Ccralo-bfaDchlal, ue Erabcliial trehck 
CetalD-hyal, ste Rycjd. 

Cerebellum:— Zan/n^. ij -, Sitair, T''. 
Col, t34 : Zaard, t,a; Frrie»,i^ 
isS -. Rabbit, 366. 
peduuclel of :— XoMi/, 367. 377. 
Cerebral hemispbercB: — Lam/r^ u; 
Cfd, .34: i.lHmI. 178; Figmm, i^i 
Rabbit, 36S. 



INDEX. 

Dondcn 






(Jaspers :~sia^e, xi. 

gbodof, 60. 

skpfeton of, 4[t, 
Clavicle, irt SbouMer-girdLc. 
Ctma-.—SAali. 44, 47 ; Liaard, i63, 170 : 

cuvities) :— ^■n/pr^', 13; Skatr, 43; 
Cuii 107; LaanI, 15S1 PigcCH, sit ; 

Colon '.—Skate, 47 : Rirblrit, soi. 304, 
Columelk or EpipleT7Ea><l^— ^'»n/. 

auiii:— Zi»in/, 137, 143; /■^a>n. 



, : Saiill, 



Litard, J 



i¥™ 



Coranud, '» Shouldcr-girdle- 
Cornea, itt Eye- 
Coronary bone, j» Mandible. 

ligamcDi ;— Cmt 111; ffuMft, iiHi. 
Corpiu or Corpota — 

adipoia; — Z-iMurd, i6r, 

bueeminii, «t Optic LjIics. 

caJIoniu:— AdMiY, 36E, 3^. ^73, 

EeniaiUtiiiD : — Hahhit. 376. 
RHiffiimllire ■.—Xaiill, 36^ 
qiudrigemitia, xtt Opfic li>bcs- 



nnifarniU, nc Medull 



XatMl, 373. 
Cowpcr'i elandi ■.—RatUl. » 
Oaiual fosMC, j« <•«■'— "■'— 
Crihriform plale ^— J 
Ciop:— /■i«TW, 314, 
Crura cerebri ;-^5'*p 



Ai^y, iSo; F/fftim, BjS: 



Epididymis :—Jia/f, j6i Liatrd. i6j ; 

Epibranchial, frf Biauchial aftbca- 

Epiglotlii ■.—Katiil, 333. 

£[iihyal. i« IlToid. 

Epiotic:— C«< 93; Laard,i^; Pipm. 

Ep^yiea of vfttebriE ; — JtoAiit. 9^4. 
EpipleryEold or Columella :—.£i3nnf, 143. 
Eihmo-turblaal, in TurUaal. 

valve, jw Heart, dlMeclion ot 
Eye. .«■ External cbaraceH. 

disseclion Bt:— State. B4 ; Cm/, tsa; 

Eyelids, see Exicrnal charaden. 
Eioccipiinl :— Cflrf, 01 i Litard. 140; 

/^^o-, 190 i Raihii, =69. 
Ewenial characlcrs ;— £b«>jtj', 8 ; Skate, 



Fallopan \abc:— Stall, n; Rob 

Fabf rerebri : — Rahbit, atw. 
Fascia, doreojuinhar:— ^.*K(, 3- 

\va.\—Rabiil, 354. 
Feallien, Kruclute oil— i'^iWH, 9 

anangement o(\—Plfeim, ai.. 
Fcmoro-iibial or semilunar cartil 



141 ; /"wr™, 195 ; Rami, „i. 
Fibula:— 2 nmni!; ijg ; PIram, acB ; Adf- 

FiloplUQiF : — Pif^egn, 3og, 514. 



DEMmiu.jiCHrA or JIa 

iB: Sia/t. 46. 
Denlary. m Mandible, 
Diaphragm : — RaHie. 3 



-^nKii. j' 



rmc:— Ziiort/, ISO. 

; /'wfOH. 190; SmUil, 





(so-called) :-C«f, 

Lswccion of-.—Lamfm, « ; J'tafr, 
64 ; Cjrf, 118 ; Litard, 174 ; /■»», 
— ■ ■ RaUil, 316. 

AW Extenial clunclfrn. 
n ot:— Stair. v>: Cfd, loi; 
Lizard. 150; /■l^™., stos; Ktitil. 

Hip-Eirdli or tti-ns-.—Sialf, 59: farf, 
iDi; l-aard, ly; Piecat, 304: XaUil. 

-Rtiiil. 3J5. 

ii^i" 148; Z-^™, «: 

Pi^rm. igB ; A'xMirl 

Hyomandlhular:— S4s/r, ^7; C*/. 95. 
Hypobranchul, stf Branchut arches. 
HypoSyal, -" " ■ ■ 
Hypural; 



I 



Ilium, w Hii>«inil 
local-.— Xai^il, 3JJ. 

PipiK, as6j RatNl, 369, 37B. 
IiUFCtloaor vascutu lyveoi ; — Sim 

GcDenI Directiant), iB ; Citd. iit. ■ffc: 

Litard, sfn, nBlr; Pirtam, gig. utU: 

RaiiO, oog. wf,, 
[nnomUHtt'bone. >« Rip-drdle. 

ide, ffg Shauldet-cinlle (£». 



InMfhyal, j« Hyoid (£&sr.O- 



ilh^^l 



linmeoi : — Sa6l>it. a&f. 
sSiaaiKif.—StMli, 33, 
loBmne •.—Lamfnj, 11 ; Stalt, t*. 17 ; 
C«l, .07. m: Zim^d. .61, iS*: 
/■linm. »o, 133, m6; Kal*iU 191. 

InLnMstic valTe; — Rabtiti yi6, 
iBchiuiD, ire Hip-fudle. 



jcrd, 176 ; Raibil, 173, 3jfi. 
Juga] or Malar: — httard, 13S: PigtoK, 






- ff Exteraul cHvHctcr^ 

Maiilla: — CM, q^; Litard, 13B; Pifnm, 

iij6 : SmiUl, 174. 
MajdUo-piilaiine proc™ ;—/■/>«»», 106. 
MhJcoI's caniliig? :— .S'lto'^, 3; ; CW, 97 ; 

Lizard, 14; : «£»»i, 15a. 
MediunnuiD -.—Xaiiit, 394, 937. 
Medulla oblongata : — Zitm/rr}'^ a : 

70; Corf. U3: ii'"^ "76;' 

aS4 ; Jiaiiil, 366. 
Mcint>ranoua ^byninh, Aif j 



TRlAsirja-^Ltimpi 



rd, 169 ; Fiff^OBt ■i'iq : ka^it. 



ItiABU. majsra -.—XaiiH, 311. 
lahtat canjhgcs :—Sia/t. 36, 
tACTTmal boiK: — C«/, 100: Lisard, 139; 
PigfiM. 196 : AoJiA, >7S. 
glnDd: — Pieeen, 349; Rnbdil, 330. 
taeiHUs:— ffB«W(, 304. 
LitmEDa perpeDdiculam : — Jia&iii, 373. 

termmaljt. Pifefft, asB ; Kabiit, iji. 
\^3jjm ---^Litard, 175 J Pisetft, 348 ; 
Rabat, aBg, 313. 
disuciion oi:—Raiiil, 336. 

JjguoeDIs, fM AriitulaLEons. 
Liintu, ivc Fore Hmb and Hind limb. 
Lineai]ba:~£a»fiY, igi. 



-^^£;'^.'. 



-Cod, ii8. 
[audible. 



^^LLyiDph- 






— Pigroitt *4fi. 



MeseDlenc bands: — Lantfinr. 15. 
Meseatery: — Cud, ijb ; Laard, i^ 

Pigam. 191. 1S7 ;' jiZiit, aji, 336. 
McHiaHnm:— Z4ni>n7, 14; Sihi/t, s 

McncKle. jn >i>><£:r Vnitricla at bnln. 
MEVjeauer:— .»aM. 471 Ca/. iti; £1 

nrrf, 164 : ftecoH, 133 i -ffcrfW*. a97- 
Meiohepar:— £i!fl-Tf. 164. 

Mesopttrygoid :^C«(, b6. 
Mesarcbium:— Z^niln'v, 14: Stall. ; 

Civf, 113 ; Litard, 166 : AoM/f. 310. 
Menmlum -.—Siatt, 47 ; Ca/. Ita J ^1 

an/, 164 : Pigeon, 333 ; RnbMt, 307. 
MeEaoupiUi iw Manui, ikcfetoii OL 
MetapceryEQid : — Cad, 06. 
Metaunui, ici Pes, ikeleton oF. 
Mid-brain or MeKnccphaloii, see Opi 



MOllerian dnct. 



-iiy cf ; — Lamfirey, * 
:«>; 103; .£i^nf, 
14B; AaWit.333. 
■__ j^_- ---pj^iflpbi 






□f mndlij 
oflitynx : 



-Rutin, 337- 

WKi, 116; PigMH, a 



iduelar brachli lafni«c;— J!aMir, 

bn!^il superior ■.-RaiUt, 343. 
minimi diKJli '—JtiMbbit, 3501 
pollku:— XaMiV,348. 



Tjosio-liumeralis : — Ra66U, 



IcvalotaDgulis™pu(iE:— *flWa, iii 
sispulx malat-.—Jiaiiil, 341. 

lambricalei (nanus) ■,—Sailnl, 150. 
(ptiay.—RBlfil, 363. 

■n ylohymd ;— £ iam^ 15B. 

dblique of sbdomen (exienia] udlD- 

i-.fitm. 






ileltuid :—Xa6Ht, 3. 



digili primi (pedis) :^It 
haaaas bK<m7—Pigtin 
lOTtgus di^torum (padisj: 



pununniibrBdui: — EoMiit, 345. 
poUicisvt indicia: — Xatdil, uB. 
quani dl^li ■.—RahHI, 3,8. 
quintidipti:— '?"**iA34B- 

-*nr hr^iric T<iinlm! A\,f\,\ - B^IAIt 



-RaUil, 350. 
•.-EMIt. MB. , 



cnipi radiali 
digitom™'- 



digitorum proioDdus V. pcrfDrans ; 

—PigeST,, =5j : JEaMii. 34g. 
digitonun aubumis v. p«rfo[aLL3& : 

—Pipim, 153 : ^fl^V, 34^. 
iBtrocnemiui -.—Pittim, 353 ; Raiiil, 

zmAs-.—ffaiii/.iss- 
lutci (maiiiDiis, mediuSt and mini' 
laiij):— AWd"/, 358,359. 



SSfS^afi., 



mmor -.—Ratbil, i9o,_ 343, ^fl 

=aneus brmi! Ir-RiUiit, 363. ^^1 
longus -.—RaiHI, 363. ^^H 

■ncaiiu:— P«nw. 154. ^^H 

quariidieili:— XnMi-AaSj. ^^H 
quini>diEili:^Aai&-f,363. ^H 
:anuris:-/ai«.V, 3«>. "^ ^H 
:>plileua:— A'oMC^jGl. ^^H 

roiulortcrs;— JCaA^.^fB. ,^^H 
was RiasnUE •.^RaiHt, 351, ag^^^H 
parvus :—XiiM't, 353. '^^^^H 
lerygDid:— XoMiV, au. ^^^H 

tT3midal» :--^Mt, .49. ^H 

ynfoimiB:— /f«iBfl,jjn. ^^H 

uadtatuaremorii:— i?aM(V, 359..^^H 



quinri di|id:-^^Y. 3S3. 
—KuUit, 36J. 
— JCaA^.l. 
—Ramt, X, 
parvus: — KabUt, 353. 
plerygoa :— ffaWiV, 331. 

P, _. —RtiNtii, 359- 

quadratic femorii -.—sSiba. 

lumbonim i—Bamt, 353. 
quAdriceps; — RatHt, 354. 
itclus abdominii:— iuairf, 156; Ff. 
gion, 116 ■.RaiUt,^,. 

ttndcuB;— A'aMt/, 554, 3S«- 
recli of eye :-J-iB«f, 77, 76 ; ffoMi'i^ 



H-.—XaitH, 






i ctrriHlii ■.—Rallil, J, 
uaisana ^—RaHit. 341, 

semi^rendinmus :— JTaMrt, asj.^l 

staptdius t-XaStir, 331. 1 

slerao-lradlMl -.—PigHH, bi. 
Bubdairiiis>-/'if,«. n8,is>. 
lubscapukiis:— iCrtWii(, 344. 
sapra-ajunMus -.Sctii/, ■".. 
synngeal, int-^-- - "-"- 



Houlea (f 0]a/Enrf^) — 




Mycloa» -v Spinal canL 
Myocomei or Myocomiiias : — Lumfirey, 
Caa, vA. 



psitcrior, ai Mouib oviiy. 

No^ boDEs: — Cod, ogj LttartI, 

Pigraw, w: Rtiihil, 374. 

SIC, wOl&^ory organ. 

1st orebfil (bllactory); — La mp rt y , 

17S ; PigKtM, a^ r A oMif, 3jfi. 368. 
and cenbraJ (opik): — Lamprpf, 94J 
^*ate, 73, 78; Ced, i»6: Liiard, 

'T9i /%««. "s«; JflASiv, 330, 

^ cerebral (oculomoloT) : — Livafrey, 
941 Sialr, 74, 77, 7B ; Ced, t^\ 
Lizard, 179 1 Fiian, ajG ; /Cabtil. 

416 mhral (paUirti^>-£mi>iTr. 



;~Haii>l, 338. 
cbonix lyiuptltii : — ^tatf, Bd 
crural ■—Ilaii;i, J39. 

leouiral : — /"tfnnv, B47. 

eututory ,' — AaAAi't, 331, 

nuunUbubi :— ^<(iiir, 79 ; 1 
nuudUary -.-^kalf, 75 ; C 



obturator :— /"l^ffOB, 547 '• RtMlt, 339- 

pahiiue-.—Siali, io. 

palalD-Datol : — Sintr. 79 ; Ctd, it6- 

pbrcmc :-^KaMt. 311. 

saaiic: — Pi^ram, 347; Rubiil. 339. 

spfmJ : — SfctUt, Ba, B3 .- fij^tn, 347. 

^pla nrhn ic ;— /Ynwr, »6 ; Rab^tt ajg- 

subiapulir :— A^iMit, j;" 



'5. 65^^83 :^f"*/. 



ulnar : — RaUitj 33B. 

brachial i—J'iafc, Sa ; Pignti. i 

SaUii, 13B. 
lumbu;— TVfOH^ B47. 
lumbo-sacial;— ff«»l*. 538. 



):/■*«■ 






L 



6t£ CEKbtal (xhAaamy.—Siate. ;6. 

Tth'^lnl'da^or ponio dura}:— 
Lamfrrf, as i i-faito, 76, So ; Cad. 
imn, 126 iLiaird, 179; /"^wjt, 357 1 

aih cc4iiL_ ,— 



Neurapophy^is, » 
Nictitatin£ munbiBDr 

Nostrik, uv Eiltmal 
Nolochord -,—Latnfn 






Clccipilal mii -. — Lamtrty, 5, 
ioix, sa Bas-, Ki-, uid Sup 



OccirntRl (cgtttmtietii — 

condyle :-J*a(f, 34: Cat, gs : I-h- 
Bf^ 136; i'igeoH, 191} ; liiiMit, 76B. 

Lixml, 13] 1 Figiim, 1B51 Railiil. 

GL^ophHgnB, set GilU«L 

lobe : — Lamprty. 34 ; Skate, 7a» 79 ; 
£W, i>4; Liiard, 178; Pitirm, 

DTgui : — Lamfmt 04 : Skate, 7S, 79 ; 
lVA iu; Afnni, 349; kaihil, 



slTD-nepiUic :^ 
LiEOrd, 164 ; . 



great : — Pigeon, 317, 
Opercufcr tones : — Cad, gs 



369,376, 



Raibit, 



; RaAit, 



fhTlaini ; — Lamprey, 93 ; Skate, 7a ; 
Litard, i3o ; J^igtett, 358 ; kaMn't, 

SBrr^B, J// Elye, dIsiectioD of. 



rof. 



oiith, c_.._, 

fiiDjuL: — Lamprey, 8, i;, 

Orbiu-^pheooid ^ — Kiebbit, 371, 

innamuilIuiD, Sie HLtHgirdle, 
Dtticulan -.—Rami, iri. 
Oasicqla Hudit^s: — Ratvii, 377. 
OuUlha or nuUlhic mui:~-J',Ei 

Corf, laj. 
OvBTj \—Lami 



•iSii% 



ill. 313. 

al gland ^— i'iaff , 58. 

a:— Skate, 51, 56. s8; CoJ, i 

-.n/, 168, 171 ; Pigam, aaj, 336. 




PhaluiEU. «x Minus, skeleton of, ai 

Phaiyngo-bmncliial, at BranehUl aict 
Phatynjc;— 5i<u», 65 : Ced. m; .Z.mtrri 

■75 ; J^igtoH. 143 ; Rabat. 331. 
PianmMr:^S*.ie.46; Rattil.ifs- 
Fimal\K>dy:—Uicartf,tjSi fVeeai.t^; 

KaUil, jS^ 37S. 
Piliiilary biidy :— ^Aifi, 71; (Tin/, <••: 

Pleuia:— i.iarrf, ifiS; /%n>h 

Ra&bii, 294, 307. 
Plenu, i« l^erve-plena, 
Poni Varolii :—*aMi/, 3S7. 
Pari ftmonfei ; — Litara, tA 
Posl-davide:— Oh/, hd. 

PatMlraponih-cirf, i™ "* 
Pmipsn's liemmm-.—Raiiif, 991. 
Precoracoid: — Lizard, 146. 
Ptc-Fiontal -.—Liiatd, 139. 



PrB-pulrii;— 



i:~Cal. 96: Liinm, 138; 



Hit. qi«. 



SoUfiiTy standi ^ 
Scales ;As-*i/*H 



-SaiUI, iS^ y 
^c3; .0.. icB ; 



iiirrf, 176; PigtOH, 350. 



Piooiic:— CbA m 



Plerygaad bone:— Cn^, g6; Laard, I, 

Pi^OK, tw ; Jiahblt, 375. 
PLcry£4>quulrate cartilngF : — SJfaU, 37 
Flcryrz, or Leaiber tracit: — PigreH, ai 
PlerylosU, or fciLlher i" " " 




Semilunar fibru-cdjtila£e& : — Lixajd, 153; 

Scnssiynibet'^-^m/m.ii; Simlt. 43. 
Septamitidtlary : — Litard. 144. 
Sipium lucidmn -.—IttMit. 373. 

nui, ut Me»tbni>>id. 
Snamoid bonei:— /^aMi'f, >9i, gSi, 184, 

Shnuider-einlle:— £in^, 38; ChI. ioo; 
I.iianCn6 ; PigmH, xa : NaUU, 578. 
Sinus (vtnou^ lymphatic, &e.)- 

car(lii»l:-^*«<, s». 

dicumiEBOphageal ;— ^^OM/TPt 10. 

hepaiic:— i*«W, SI. 65. 

ptiribranchial : — Lamfirty, ifi^ 

thDmbaidaBs : — Aftor, vaa. 

Slceli:Liin> prcparaliDn ot^^Lam*tw, 1 r 

^;(<if<r, 97: CW, Bfi; ^I'Mfrf, 13a; 

Ecnerai charicKn a!:—Slnilt. 18: 
Corf. 87 ; ii»™r, iji 1 Pigarn. 183 : 



Kaidii, aia. 




M^ffl oblongBta. 

.Ule of ait-btuids >-Cn/. 115- 
ReliiH, TM Eye. 

RhiaeDctphalsn, trr OUacIory [abc. 
Ribi;— £':tiiM, 33 ; Cat. do: LIuird, 135 

Pigcm, iSj. 186 ; Kaiiil, 96B. 
Kosmun of skull mid nHiral caniliges:- 
£*a<(, 35. 



t 



-ffa/lSi', 171- 



Sfhaiic-.—Slialt, t], 6;. 
Spirocular canilafe : — Si 



Spleen '.—SliaU 



i6t; /'ipfi'ii, aa;; ffi 
Splinial, »c Mandible. 
SquamosAl: — Liiatd, 1^, ^ 

Siap«;— iimni 141; /"y 

Stenson's csnal. ue Nasi-plLlt 
duct, i» Sallvaty glands. 



Cod, to8! ZtwrrJ, 



r 



Guard and Frdwolnculu! 

SituB iDnsiiuduiaks: — Rabat, 
Stylo-hyal, m Hyind. 
Sub-ocular arcb : — Lamprey, 2. 
Sub-DpcrculoTi ftf OpcTculHT born 
Sub-orhitala -.—Cud, 100. 



Sapra-anBulATT ta MaDdibJe- 

Supra-occipiial':— tTni gi; Lb. 

Pigm, igo ; Raitil, 569. 
Supra-oibilBls :— Z.izan/. 13^ 
Supra-renal bodies, itf AdrcnaLi. 

tnt -.—R'aiia, ! 




Tahia stnuaico\ani:—SaiMI, 3: 
Tapctum: — Rabbit, 331- 



Tettbi—Ijimfrrr, 10; Siafa, 43; Cm^, 

110 ; Liiard, 17; ; JtaUit. 177, itB. 
Tcndo AcbillL',:— ^sMi'^ 360. , 

Pigem, 103 ; R^Aii, agj. 
Teitii:— £aii.>i|^, ij; S*r»te, S4i Co,/, 

TbabmcQcepbaton \ — Latttirey, 23 : Shtte, 
jii C«i isi; iiai™; 179; Pigmt, 
258; ^aiiiV, 375. 

ThuJaraioplid, m'"-' '-' - 

ThabniDciEleT »f 

ThinajHc duel •,—R<iiiit, 

Tbymiu Eland -—Skali, I 



Uzard. iji : Eaihit. 

iKMoulSaVily,' 
icircularcj:— Ca/, iiS 



rrohyal, iMHyD._ 

rropygial gland ;— /Vfrmi, 147. 

flerui -.-^Skatr, 56 : Raiiit. 3»i, 



ViGIN 



•.—RaUil, 



1 : Jtabfil, 3, 



ai bu 

ile(«olici— iiiar™', 170: ^oMuL J 
iniia-colie ^—Rabbit, aofi. ^ 

pyloric ■.Stait, SI i dW, 

ilo-.Pigfi - ' 

Raibiliixiam), «£.' 

'Rnmi.-^S^ ' 

■>• dckma-.—SJrat^, j_, 31,, ^„, „ 
a8,a36; ^atl 



aoMrior abdominal, (A 

aiyeu, m cardinal. 

bracliial -.—Siiitr, 65 ; PIgtim. ajft 

— Ves; £"«'. lis, Ii6;'z.Mn(! 

*aM.V, J. a. 

■ ■tnifref, 17: ,riaff, 67; 
; immf, 169; /^^m. 
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